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EXECUTIVE SUMMARY 

“hIS document presents the work plan for the bedrock component of the Phase Il RCRA Faallty 
Invesbgabon (RFI)/RemeQal Inveshgabon (RI) of the 903 Pad, Mound, and East Trenches areas (Operable 
Umt 2) at the Rocky Flats Plant Jefferson County Colorado Operable Umt 2 contam 20 Indrvldual 
Hazardous Substance Sites (MSSs) located on the east side of the Rocky Flats mam plant complex area 
The IHSSs are potentdy contammated areas that have been identdied durrng prewous mvesbgabons and 
hstoncal accounts of site usage The Operable Umt 2 area IS b e q  mvestrgated because of the relabonshp 
of the IHSSs to sod and groundwater contammabon that have been identdied on site 

T b  work plan mcludes a field sampllng plan (FSP) that estabhshes the scope of field mveshgabons and 
criteria that wdl be used to redrrect and expand on the sampllng efforts as necessary to accomphsh the stated 
goals The FSP proposes 20 clusters of boreholes and wells that contam a total of 20 boreholes and 38 wells 
Ths program may be expanded durrng the course of the mvestqabon to mclude addmonal wells screened 
m sandstone w t s  that have not yet been identtfied 

A prewously prepared Phase I1 RFI/RI AUuwal Work Plan addresses charactemabon and the nature and 
extent of contammabon of surface water and of sod and groundwater above the bottom of the upper 
hydrostratlgraphc w t  (HSU) “hIS work plan addresses charactemahon and the nature and extent of 
contammation m the bedrock and HSUs beneath the upper HSU The data obtamed d u r q  the two 

components of the RFI/RI field work wdl be combmed and presented m a s q l e  RFI/RI report That 
report wdl be the basls for a correctme measures study/feasiblltty study (CMS/FS) and the baselme nsk 
assessment 

Ths Phase I1 RFI/RI work plan for bedrock charactemabon IS based on the results of the Phase I RI as 
presented m the Phase 11 RFI/RI A l l u d  Work Plan This bedrock work plan ernphaslzts the development 
of a conceptual model to desmbe the bedrock hydrogeology nature and extent of contammabon m the 
bedrock release mechamsms exposure pathways, and receptors and presents an FSP that wdl support the 
basehe rlsk assessment Secbons of the work plan address apphcable or relevant and appropnate 
reqwements (ARARs) data needs and data quahty objectwes (DQOs) remdal  mvcsbgabon and feasltnllty 
study tasks and the Phase 11 RFI/RI schedule 

The Phase 11 RFI/RI AUuwal Work Plan addresses the upper HSU whrch conssts of the allwum and 
hydrolopdy connected bedrock Geol-c charactermbon mdxates that areas of subcroppq sandstone 
bedrock are wthm the upper HSU For piamung purposes, the delmeabon between the upper HSU and 
lower HSU(s) occurs 5 feet below the surface of the Arapahoe Formabon bedrock, or 5 feet below the 
bottom of subcroppmg sandstone channels where they are present There 1s mtegrabon between the alluwal 
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and bedrock work plans m the weathered bedrock, where lower sandstones subcrop and where 
contammation sources are present wthm these contqpous and overlappmg areas 

The predommant component of the groundwater hydraullc gradent m the lower HSU(s) appears to be 
downward However the low hydraullc conductmty of the unweathered claystone mpedes the downward 
flow of groundwater There IS geologrc evldence (I e the presence of channel shaped f l u d  deposihonal 
sequences c o n t m g  sandstones) that the majonty of groundwater flow that occurs may be laterally to the 
east There may be a potentral for contammated groundwater m the upper HSU to enter lower bedrock 
sandstones where they subcrop m 1- areas beneath relatwely shallow c o l l ~ ~ u m  south and southeast 
of the 903 Pad area In general, the lower HSU(s) =(are) lncompletely modeled 

Based on the Phase I RI results and earher studes carbon tetrachlonde (CCI,) tetrachloroethylene (PCE) 
and trichloroethylene (TCE) are the pnmary volatde orgmc contammants found m the upper HSU m 
Operable Umt 2 Trace elements occasionally exceedmg background levels d u d e  bmum copper mckel, 
manganese and m c  Major mons are somewhat elevated above background throughout and downgradent 
of the 903 Pad, Mound and East Trenches areas Radonuchde levels m the upper HSU are generally 
wthm the statisbcal tolerance h u t s  for the background groundwater data, but a few samples mdcate 
m m u m  detectable amounts of plutomum and amenuum m the vlmty of the 903 Pad and possibly north 
of the Mound These conclusions are based almost entvely on unvatdated data 

There are 20 exlstmg wells m Operable Umt 2 that are screened entnely wthm the depth mtervals beheved 
to represent the lower (bedrock) HSU(s) These 20 momtomg wells were all constructed smce 1986 most 
for the Phase 1 RI and have a relatwely complete quarterly samphg program At least SIX addtional pre 
1986 wells are also present m Operable Umt 2 Constru&on detads on these wells are not avadable The 
pre 1986 wells have not been used recently for obtammg groundwater quahty samples Volatde orgamc 
compounds (VOCs) have been detected m 4 of the 20 recent wells (1887 BR 2@37 BR 3487 BR and 4086) 
that are beheved to represent the groundwater chemlstry of the lower HSU(s) Only 12 of the 20 wells have 
avadable laboratory test data The measured concentrabons of VOCs were as high as 140 pg/1 rn one of 
these wells and under 20 pg/l m the other 3 wells The pnmary contnmtnants that were tentatwely i d e n ~ e d  
111 these wells are TCE and PCE Other volatde and semvolatde o r p c  and morgamc compounds that 
have been identdied m the upper HSU have generally not been identdied m the bedrock Most of the 
avadable analytical data for the bedrock have not been vahdated 

The objectives of the bedrock component of the Phase II RFI/RI are to characterne the bedrock 
hydrogeology and to sufkently charactem the nature and extent of bedrock contammahon to support the 
feasibhty study basehe mk assessment, and remedal des= At tlus tune it IS not dehtely known 
whether or not contammabon of the relabvely deep unweathered bedrock e x ~ ~ t s  
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1 0  
INTRODUCTION 

This document presents the Work Plan for the bedrock component of the Phase 11 Resource Conservahon 
and Recovery Act (RCRA) Fadty Inveshgahon (RFI)/Comprehenswe Enwonmental Response 
Compensahon and Lsabhty Act (CERCLA) Remedal Invesbgahon (RI) of the 903 Pad, Mound, and East 
Trenches areas (Operable Urut 2) at the Rocky Flats Plant, Jefferson County Colorado A prewously 
prepared Phase I1 RFI/RI Work Plan (Autmal) addresses charactemahon and the nature and extent of 
contammaQon of soh  and groundwater above the bottom of the upper hydrostrawaphc uatt (HSU) Ths 
work plan addresses characteraahon and the nature and extent of contammahon m the bedrock and 
confined water beanng zones beneath the upper (allmal) HSU Potenbal sourws of bedrock contammabon 
are present 111 the upper HSU It IS not yet known whether or not the lower HSU(s) has been contammated 
by the upper HSU The data obtamed dunng the Alluvlal and Bedrock components of the RFI/RI field 
work 4 be combmed and presented m a slngle RFI/RI report That report wdl be the basts for the 
Corrective Measures Study/Feasibhty Study (CMS/FS) and the baselme mk assessment 

The purpose of h s  Phase I1 Bedrock RFI/RI Work Plan IS to define the scope of work requyed to 
characterlze the geolopc and hydrologx condhons w~thm the lower HSU of the Operable Umt 2 area Ths 
mvestigation IS part of a comprehensive phased program of slte charactembon, remdal mvestrgations 
feasibhty studles and reme&al/correcttve aaons currently m progress at the Rocky Flats Plant These 
mvestigations are pursuant to the U S  Department of Energy (DOE) Enwonmental Restorahon (ER) 
Program [formerly known as the Comprehensive Enwonmental Assessment and Response Program 
(CEARP)] a Comphance Agreement among DOE the U S Enwonmental Proteftron Agency (EPA) and 
the State of Colorado Department of Health (CDH) dated July 31 1986 and a Federal Fadty Agreement 
and Consent Order or Interagency Agreement (IAG) among DOE, EPA, and CDH dated January 22,1991 
(US EPA 1991a) The program developed by DOE EPA, and CDH m response to the agreements 
addresses RCRA and CERCLA mues and has been mtegrated with the ER Program In accordance with 

the LAG the CERCLA terms Remedal Investqahon and Feasibhty Study” m thrs document are 
considered equvalent to the RCRA terms RCRA Fadty Inveshgahon and Correftrve Measures Study” 

1 1  ENVIRONMENTAL RESTORATION PROGRAM 

The ER Program IS deslgned to mvestqate and clean up contammated sites at DOE fadbes The ER 
Program bemg mplemented IS o r g d  mto m five major a m h e s  The 6rst aawty Installahon 
Assessment mcludes prehmmry assessments and site mspect~ons to assess potentd enwonmental concerns 
The second actmy Remedal Invcstqahons mcludes planmng and unplementahon of samphg programs 
to deheate the magxutude and extent of contammatron at speafic Utes and evaluate potentd contammant 
migration pathways Feasibhty Studes the h r d  major aavlty evaluates remedal alternahves and develops 
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remedal achon plans to mitqate enwonmental problems identrfied as nee- corredon d w g  the 
remedal mveshgahons The fourth actrvlty Remedal Desgn/Remedal Achon, mcludes desgn and 
unplementation of site speclfc remedal adons selected on the basls of the feasibhty studes F d y  
Comphance and Venficahon unplements momtomg and performance assessments of remedal achons and 
verlfies and documents the adequacy of remedal adons camed out Installahon assessment has already 
been completed at the Rocky Flats Plant (DOE 1986) and remedal mvves@at~ons, feasibhty studles and 
remedal deslgnjremedal achon are currently m progress for Operable Umt 2 (903 Pad, Mound, and East 
Trenches areas) 

With respect to RI achwhes at Operable Umt 2, an mhal (Phase I) field program was completed duIlng 
1987 and a draft Phase I RI report was submitted to EPA and CDH on December 31 1987 (Rockwell 
International 1987a) A Phase 11 RFI/RI Work Plan (Alluwal) dated Apd  12,1990 (EG&G 199oc) that 
presents site spedic plans for further field work to characterne sources and the extent of groundwater 
contammatron m the upper HSU (surfiaal m a t e d  and subcroppmg sandstones) That work plan was 
granted condbonal approval by the EPA and CDH and rewions were bemg made mv response to the 
condtions of the approval at the tune of the preparahon of this work plan It IS based on results presented 
111 the draft Phase I RI report as well as subsequent groundwater samplmg and analys~~ Ths Phase 11 
RFI/RI Work Plan (Bedrock) IS based pnmady on data presented m the Phase 11 RFI/RI Work Plan 
(AUuvlal) the results of recent and ongomg geolopc charactemahon studes, and recent samplmg and 
analysis data An mtenm remedal achon IS bemg planned to treat contammated surface water m South 
Walnut Creek north of Operable Umt 2 Remedal adon measures w d  be proposed m the hal RFI/RI 
report 

Results of the Phase I RI mbcate that a complex bedrock geolosc system wosts beneath the 903 Pad, 
Mound and East Trenches areas A draft Geologc Charactemahon Report (EG&G 199Oa) for the Rocky 
Flats Plant has been prepared based on consistent re evaluahon of borehole log data and other geologc 
mformahon That report contam a rewed worluag model of the bedrock geology In order to further 
characterne the locahon, extent, and onentabon of sandstones, and bedrock faaes and strahgaphrc 
relationsbps hgh resoluhon sesmic reflecuon p r o m  was conducted at Operable Umt 2 (EG&G 199Ob) 
Thus bedrock work plan combmes the mformahon obtarned dunng the ongomg geolog~c charactemabon wth 
the results of the seurmc refledon work to further refine the workmg model of the bedrock geology The 
results are summanzed herem 

1.2 WORK PLAN SCOPE 

The prewous Phase I1 RFI/RI Work Plan (AUuvlal) for the 903 Pad, Mound, and East Trenches arcas 

presented results of the Phase I RI defined data quahty ObjectIves (DQOs) and data needs based on that 
mvestigatron speclfied RI tasks and presented a Field Samplmg Plan (FSP) for charactemahon of the upper 
hydrostratlgraphc unrt (HSU) whch cons~~ts of the alluwum and hydrologdy connected bedrock T€us 
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Phase I1 Bedrock RFI/RI Work Plan (Bedrock) mcludes the same basic components descnbed above so 

that the two work plans may be mtegrated Much of the repond and Plant site background dormahon 
and site locahons and descnphons are excerpted &om the alluvlal work plan The descnphons of the 
physical charactemhcs of and nature and extent of contammahon m the upper HSU are also from the 
alluvld work plan 

T h  bedrock work plan emphasrzes the development of a conceptual model to descllbe the bedrock 
hydrogeology- nature and extent of contammahon m the bedrock release merJlnnluns, exposure pathways 
and receptors and presents a field samplq plan (FSP) that wdl support the baselme risk assessment Data 
were compded from a number of sources The followmg prewous and ongomg stu&es and other mformahon 
were the pmary sources used m prep- thIS work plan (a itst of references IS presented m Sectron 11 0) 

Phase 11 RFI/RIFS Work Plan (AUuwd) for the 903 Pad, Mound, and East Trenches 
Areas (EG&G 1990~) (granted condlhonal approval by EPA and CDH) 

Ongomg geolopc charactemahon (mtem results presented m EG&G 199Oa and EG&G 
1990b) 

0 Recent Rocky Flats groundwater chemtstry data from the Rocky Flats Enwonmental 
Database System (RFEDS) database 

As part of the preparahon of thts work plan, the workmg physical model of the bedrock geology was refined 
by comblntng the geolopc mformahon presented rn the three reports referenced above The bedrock 
hydrology and nature and extent of contammahon were evaluated uslog data from the Phase II RFI/RI 
Work Plan (AUuvld) and subsequent a n d y t d  and groundwater data 

Figure 1 1 depicts the conceptual boundary between the alluvlal and bedrock components of the FWI/RI 
From a hydrolop standpomt subcroppmg sandstones have more m common wth the overlymg alluvlal sods 
than wth the underlying claystones and confined sandstones For the purpose of developmg work plan 
scopes the boundary IS considered to occur 5 feet below the surface of the weathered claystone Tbts 
boundary IS based on the verttcal extent of mveshgahon that has been selected for the a l l d  component 
of the RFI/RI There wdl be some overlap between the two components of the M/RI However 
considemg the above charactemahon of the a l l u d  sods and subcroppmg sandstones wJ1 be completed 
by the alluvlal RFI/RI Overlap WIII occur m the weathered claystones where lower sandstones subcrop 
and where contammahon sources are located wthrn these contquous and overlappmg areas 
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Section 1 0  of thls work plan presents mtroductory mformahon and a general charactemahon of the regon 
and Plant site Descnpbons of site locahons and hutones and pnor site charactemhon acbwbes are also 
presented m Sechon 1 0 Sechon 2 0 presents detarled desmphons of the site physical charactemhcs and 
nature and extent of contammahon, culrmnatmg m a site conceptual model that IS the baw for estabhhmg 
data needs data quahty objectrves (DQOs) and developtag a FSP Seaon 3 0  presents apphcable or 
relevant and appropnate reqlurements (ARARs) developed for Operable Urut 2 bedrock Sect~on 40 
estabhshes data needs and DQOs considemg the site charactemahon and the conceptual model Seaons 
5 0 and 6 0 summame RFI/RI tasks and Feasibhty Study (FS) tasks, respechvely This RFI/RI Work Plan 
(Bedrock) only bnefly addresses some of these tasks, such as Basehe Rsk Assessment, treatabhty stuhes 
alternatives development and scree- and andysls slllce the alluwal RFT/RI work plan presents more 
detaded &cussions of them Seaon 7 0 presents a schedule for conductmg the RFI/RIFS process A Field 
Samphg Plan (FSP) IS presented m Sechon 8 0 to sabfy the data needs and DQOs identd'ied m Sechon 
4 0 A Qual~ty Assurance Addendum (QAA) IS dembed and Standard Opera- Procedures Addenda 
(SOPA) are presented m Sect~ons 9 0 and 10 0 respechvely 

The geolopc charactemahon and sesmc study reports used are not mcluded m appenQces to thu work 
plan because both the geologc charactemtion and the lugh resolubon selsrmc reflechon p r o h g  studres 
are 111 progress and the reports are workmg drafts that have not been prepared for dwnbutron Pertment 
data and summanes of that data are presented m figures and tables and LD an appcndur to thu work plan 
Soll bedrock, and groundwater analytical chemutry data are presented m appenhces to the alluwal work 
plan More recent bedrock groundwater chenustry data and bedrock analybcal chemlstry data are presented 
m appendrces to this work plan and s u m m m d  m Sechon 2 0 

13 REGIONAL AND PLANT SITE BACKGROUND INFORMATION 

131 Background 

The Rocky Flats Plant IS a government owned, contractor operated fadty that 1s part of the nabonwde 
nuclear weapons produchon complex The Plant was operated for the U S Atormc Energy Comrmssion 
(AEC) from its mcephon m 1951 untd the AEC was &solved m January 1975 At that tune responslbhty 
for the Plant was assigned to the Energy Research and Development A-tratron (ERDA) whch was 

succeeded by the DOE m 1977 Dow Chemcal U SA an opera- umt of the Dow Chermcal Company 
was the p m e  opera- contractor of the faahty from 1951 untd June 1975 Rockwell Internahonal was 

the p m e  contractor responsible for opera- the Rocky Flats Plant from July 1 1975 untd December 31 
1989 EG&G Rocky Flats Inc became the pnme contractor at the Rocky Flats Plant on January 1 1990 
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13 1 1  Plant Omratio nS 

The p m a r y  mmon of the Rocky Flats Plant IS to fabncate nuclear weapon components from plutomum 
u r u u m  and non radloacttve metals (prtnapdy berylhum and stamless steel) Parts made at the Plant are 
shpped elsewhere for assembly In addbon, the Plant reprocesses components d e r  they are removed from 
obsolete weapons for recovery of plutomum 

Both raQoactive and non radloachve wastes are generated m the produchon process Current waste 
handhg prachces rnvolve onsite and offsrte recyclq of hazardous matenals, m i t e  storage of hazardous 
and radioactive mlxed wastes, and offsite dtsposal of sohd radoacttve matenals at another DOE fa&@ 
However both storage and dtsposal of hazardous, ractoadrve and ractoactwe mured wastes occurred on site 
m the past Prehmary assessments under the ER Program idenaed some of the past onsite storage and 
disposal locations as potenhal sources of enwonmental contammabon 

13 13 Previous Inves- 

Various studles have been conducted at the Rocky Flats fadty to characterize enwonmental medla and 
to assess the extent of ra&olopcal and chemical contammant releases to the enwonment The mvveswations 
performed pnor to and dumg 1986 are summanzed 111 Rockwell Intcrnahonal (1986a) and mdude @ 

0 Detaded descnpbons of the reponal geology (Malde 1955 Spencer 1961 Scott 1960 1963 
1970 1972, and 1975 Van Horn 1972 and 1976 DOE 1980 Dames and Moore 1981 and 
Robson et al 1981a and 1981b) 

Several d d m g  programs begmmg 111 1960 that resulted m the wnstrucbon of 56 momtor 
wells pnor to 1986 

An mveshgahon of surface and groundwater flow systems by the U S Geolog~cal Survey 
(Hurr 1976) 

Enwonmental ecologrcal, and publlc health studes that culmrnated m an enwonmental 
unpact statement (DOE 1980) 

A summary report on groundwater hydrology usmg data from 1960 to 1985 (Hydro Search 
Inc 1985) 

0 A prelrrmnary electromagnebc survey of the Plant penmeter (Hydro-Search, Jnc 1986) 

A sod gas survey of the Plant penmeter and buffer zone (Tracer Research, Inc 1986) 
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Other mvestlgabons smce 1986 mclude 

e Routme enwonmental momtonng programs addresstng 8v surface water groundwater 
and sods (Rockwell Internahonal 1975 through 1985 1986b 1987b and 1989b) 

0 Background Geochenucal Charactemahon Report for 1989 (EG&G 199Od) 

In 1986 two major mvestrgabons were completed at the Plant The first was the ER Program Phase 1 
mstallabon assessment (DOE 1986) whch mcluded analyses and identdicahon of current operahonal 
actiwties acbve and maave waste sites, current and past waste management praaces, and potenbal 
enwonmental pathways through whch wntnmlnants could be transported A number of sites were 
identdied that could potenhally have adverse unpacts on the enwonment These Utes were deslgnated as 
Sohd Waste Management Umts (SWMUs) more recently renamed Indmdual Hazardous Substance Sites 
(IHSSs) by Rockwell Internabonal (1987~) and were dmded mto three categories 

1 Hazardous waste management uruts that wdl contmue to operate and need a RCRA 
operatmg permit 

2 Hazardous waste management umts that wdl be closed under RCRA mtenm status 

3 Inactive waste management uruts that wdl be mvestrgated and cleaned up under Semon 
3004(u) of RCRA or under CERCLA No RCRA or CERCLA regulatory dstmdon m 
the use of the terms site umt SWMU or IHSS 1s mtended m thu document 

The second major mvestrgabon completed at the Plant 1111986 mvolved a hydrogmlwc and hydrochenucal 
characteruabon of the entve Plant site Plans for thu study were presented m Rockwell Internahonal 
pubhcations 1986c and 1986d, and study results were reported m Rockwell Internabonal pubhcabon 1986e 
Inveshgation results mckcated four areas were s@cant contnbutors to enwonmental contammabon, wlth 
each area contauung several sites The areas are the 881 W i d e  Area, the 903 Pad Area, the Mound Area 
and the East Trenches Area 

Due to then proximity the 903 Pad, Mound, and East Trenches areas were grouped together and desrgnated 
Operable Umt 2 A Phase I RI of Operable Umt 2 was completed m December 1987 (Roclrweu 
Internabonal1987a) and a draft Phase 11 RI Samphg Plan was subnutted to the EPA and CDH m June 
1988 (Rockwell Internabonal1988a) A draft final Phase 11 RI/F!3 Work Plan (Alluvial) was subnutted to 
the EPA and CDH m December 1989 (Rockwell Internabonal 1989c) and a final (Rewon 0) of that 
document mcorporatmg agency comments on both draft plans was lssued A p d  12, 1990 (EG&G 1990e) 
EPA and CDH have granted conckbonal approval to the alluvlal work plan 
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132 PhysicalSetting 

The Rocky Flats Plant IS located m northern Jefferson County Colorado approxlmately 16 mdes northwest 
of downtown Denver (Fqure 1 2) Other surroundmg C I ~ ~ S  mclude Boulder Westmmter and Arvada, 
wluch are located less than ten d e s  to the northwest east and southeast, respechvely The Plant consists 

of approxmately 6,550 acres of federally owned land m Sect~ons 1 through 4 and 9 through 15 of "2s 
R70W 6th Pmupal MenQan Major bulldtngs are located wthm a Plant security area of approxxmately 
400 acres The secunty area IS surrounded by a buffer mne of approxrmately 6 150 acres (Figure 1 3) 

13.21 -D hy 

The natural enwonment of the Plant and v ~ a n ~ t y  IS lnnuenced plrmady by its proxlmity to the Front Range 
of the Rocky Mountam The Plant IS drectly east of the north south trendmg Front Range located about 
16 mdes east of the Contmental Diwde Rocky Flats Plant IS located on a broad, eastward s l o p q  system 
of coalescmg alluvlal fans at an elevabon of approxmately 6 OOO feet above mean sea level (MSL) The fans 
extend about five d e s  east of the Front Range The Mm Plant Complex area IS located near the eastern 
edge of the fans on a pedunent between stream cut gullles or arroyos (North Walnut Creek and Woman 
Creek) e 
1322 Surface Wate r Hvdrol~gy 

Three mtermittent streams dram the Rocky Flats Plant wlth flow generally from west to east These 
dramages are Rock Creek, Walnut Creek, and Woman Creek (Fqure 13) Rock Creek dram the 
northwestern comer of the Plant and flows northeast through the buffer zone to its offsite confluence wth 
Coal Creek An east west trendmg mterfluve separates the Walnut Creek and Woman Creek dramages 

North Walnut Creek, South Walnut Creek, and an unnamed tnbutary dram the northern portton of the Plant 
secutlty area These three forks of Walnut Creek J O ~  m the buffer zone and flow to Great Western 
Reservolr approxmately one d e  east of the confluence Woman Creek dram the southern Rocky Flats 
Plant buffer zone flowmg castward to Standley Reservo~r The South Interceptor Ditch b s  between the 
Plant and Woman Creek The South Interceptor Ditch collects runoff from the southern Plant sccwty area 
and dwerts it to Pond C 2, where it IS momtored 111 accordance wth the Plant s Nahonal Pollutant Discharge 
Elunmatlon System (NPDES) pemt  pnor to &charge to Woman Creek 

1323 Remonal and Local Hvdr~g&gy 

The geologrc mterpretations presented m tlus work plan are based on dormahon from Hun (1976) and 
on the ongomg geoloec charactemahon study These mterpretabons may be r e d  as more data are 
obtamed dunng the Phase I1 Geologrc Charactemabon and the bedrock component of the Phase II RFI/RI 0 
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The stratqgaphc section that pertams to Rocky Flats Plant mcludes, m descendmg order unconsohdated 
sdicial umts (Rocky Flats Alluvlum vanous other alluvlal deposits valley fill alluvlum and colluwum) the 
Arapahoe Formabon, the Laramie Formabon, and Fox Hdls Sandstone F w e  1-4 presents a generalwd 
strabgraphc seaon of the Denver Basm bedrock and Frgure 1 5 shows a generaked geologc sectton of 
the Denver/Front Range area Fgure 1 6 shows a generalued stratqpaphc secbon of the Rocky Flats Plant 
mcludmg unconsohdated deposits F i e  1 7 depicts the eroslonal surfaces of allmal deposits east of the 
Front Range Colorado Groundwater OCCUTS under unconfined condltrons m both the surfiaal and shallow 
bedrock umts In ad&hon, confined groundwater flow occurs m deeper bedrock sandstones (e g Fox Hdls 
Sandstone) 

Rock Flats Alluwum 

The Rocky Flats Alluwum underlres a large portron of the Plant The alluvlum IS a broad deposit consstmg 
of a topsod layer underlatn by up to 100 feet of varyrng amounts of sdt clay sand, and gravel Unconfined 
groundwater flow occurs m the Rocky Flats Alluvlum whch 1s relatrvely permeable Recharge to the 
alluwum is from preapitation, snowmelt and water losses from dltches, streams and ponds that are cut mto 
the alluwum General movement of groundwater m the Rocky Flats Alluvlum IS from west to east and 
toward the dramages Groundwater flow IS also controlled by pedunent dramages ~ 1 1  the top of bedrock 
Groundwater levels m the Rocky Flats AUuvlum m e  m response to recharge dunrrg the spnng and decbe 
dunng the remamder of the year Dlscharge from the alluwum OCCUTS at seeps m the colluvlum that covers 
the contact between the allunum and bedrock along the edges of the valleys Most seeps flow mtcmttently 
The Rocky Flats Allunum thms and dtscontrnues east of the Plant boundary It does not dllrectly supply 
water to wells located downgraderit of the Rocky Flats Plant 

a 

Other Allumal D~DOS i& 

Various other alluwal deposits occur topographdy below and east of the Rocky Flats Alluvlw rn the Plant 
dramages Colluwum (slope wash) mantles the valley side slopes between the Rocky Flats Alluvlum and the 
valley bottoms In addlhon, remnauts of younger terrace deposits, mcludmg the Vcrdos Slocum and 
Louvlers alluwal deposits, occur occasionally along the valley side slopes Recent valley fill allumum OCCUTS 

m the active stream channels 

Unconfined groundwater flow occurs m these surfiaal deposits Recharge occuts through preapitahon, 
ddtration from streams dutrng petrods of surface water runoff and by seeps dwhargq from the Rocky 
Flats Alluwum Dlscharge occurs through evapotranspuatron and by seepage mto other geolopc formatrons, 
sandstone subcrops and streams The duecbon of groundwater flow IS generally easterly and downslope 
through colluwal matenals and then along the course of the stream m valley fill m a t e d  Durrng the 
relatively short penods of high surface water flow that p e n d d y  OCCUT some water IS lost to bank storage 
111 the valley fill alluwum and then returns to the stream after the runoff subsides 
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hDahOe Formation 

The Arapahoe Formation underhes surficlal matenals beneath the Plant Ths formahon IS a fluvlal deposit 
composed of overbank and channel deposits It conslsts p m d y  of sdtstones and claystones wth some 
sdty sandstones beneath the Plant Geologx charactemahon of the Arapahoe Formahon beneath Rocky 
Flats mdlcates fluvlal channel sequences contauung sandstones occur m stream channel shaped structures 
Total formahon thtckness vanes up to a m m u m  of 270 feet (Robson et al 198la) and the urut IS nearly 
horlzontal beneath the Plant (less than two degree drp) The channel shaped fluvd sequences wthm the 
claystone are composed of predormnantly fine gramed sands and sdts and thew hydraullc conductmty IS 
equtvalent to or less than that of the overlymg Rocky Flats Alluvlum The Arapahoe Formahon descnbed 
by the earher RFI/RI stuQes contam more clay and sdt than typically descnbed for other areas wthm the 
Denver Basm There IS a remarkable s imhty  of the sdtstones and claystones beneath Rocky Flats to those 
of the Laramie Formatron 

The Arapahoe Formation IS recharged by groundwater from overlymg surfiual deposlts and mfidtrahon from 
streams The mam recharge areas are under the Rocky Flats Alluvlum although h t e d  recharge from the 
colluwum and valley N1 alluvlum llkely occurs along the stream valleys Recharge IS greatest dunng the 
sprmg and early summer when ramfall and stream flow are at a m m u m  and water levels m the Rocky 
Flats Alluuum are hgh Groundwater movement m the Arapahoe Formatran IS generally toward the east 
although the groundwater flow r e p e  m the bedrock has generally not yet been charactenzed Reponally 
groundwater flow m the Arapahoe formahon IS toward the South Platte River m the center of the Denver 
Basm (Robson et al 1981a) 

Laramie Formation and Fox Hills Sandsto ne 

The Laramie Formation underhes the Arapahoe Formahon and IS composed of two un~ts a thxk upper 
claystone and a lower sandstone The Laramie Formatron IS approxunately 700 feet thck The upper 
claystone mterval IS appromately 400 feet thlck and 1s of very low hydra& conductmty therefore the U S 
Geologc Survey (Hurr 1976) concluded that Plant operahons wdl not mpad any mts below the upper 
claystone u t  of the Laranue Formahon 

The lower unrt of the Laramie Formahon and the underlymg Fox Hdls Sandstone form a reponally 
unportant aqufer m the Denver Basm known as the Laramre Fox HIIIs Aqufer Near the center of the 
basm the aqufer thtckness ranges from 200 to 300 feet These un~ts subcrop west of the Plant and can be 
seen m clay pits excavated through the Rocky Flats Auuwum The steeply 6 p p q  beds of these wts west 
of the Plant (apprownately a 50 6p) qu&y flatten to the east (less than 2 Ctp) Recharge to the aqrufer 
occurs along the rather h i t e d  outcrop area exposed to surface water flow and dtrahon along the Front 
Range (Robson et al 1981b) 
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132 4 MeteorolQey 

The area surroundmg the Rocky Flats Plant has a semnnd h a t e  charactemhc of much of the central 
Rocky Mountam regron Approxmately 40 percent of the 15 mch annual preupitatton falls duIlng the spmg 
season, much of it as wet snow Thunderstorms (June to August) account for an addhonal30 percent of 
the annual preapitahon Autumn and m t e r  are dner seasons, accounbng for 19 and 11 percent of the 
annual preapitahon, respechvely Snowfall averages 85 mches per year f a b g  from October througb May 
(DOE 1980) 

Special attention has been focused on hpersion meteorology surroundq the Plant due to the potenhal for 
swicant  atmospheric releases of contanunants a f f e q  the Denver metropohtan area Stuhes of au flow 
and dupersion charactemtics (e g H o e  1983 and 1984) mhcate that dramage flows (mds commg down 

off the mountams to the west) turn and move toward the north and northeast along the South Platte River 
valley and pass to the west and north of Bnghton Colorado (DOE 1986) 

133 SurrounQng Land Use and Population Density 

Approxunately 50 percent of the area wthm 10 mdes of the Rocky Flats Plant 1s m Jefferson County The 
remamder IS located m Boulder County (40 percent) and Adams County (10 percent) The area wtlm a 
two to three mlle rahus of the plant 1s pnmardy undeveloped rangeland Land w h  a 10 mde rahus 1s 

used for a vanety of purposes mcludmg grazmg cattle rasmg horses growq crops such as wheat barley 
and hay residenbal development and commerual actmhes 

A recent demographc study shows that approxmately 2 2 d o n  people hve wthm 50 d e s  of the Rocky 
Flats Plant m 1989 (DOE 1990) Approximately 9 100 people hved w h  five d e s  of the Plant m 1989 
(DOE 1990) The most populous sector was to the southeast toward the center of Denver Recent 
population estmates reptered by the Denver Regonal Cound of Governments (DRCOG) for the eqht 
county Denver metro regon have shown htmct patterns of growth between the first and second halves of 
the 1980s Between 1980 and 1985 the populahon of the eqht county repon mcreased by 197,890 a 
2 4  percent annual growth rate Between 1985 and 1989 a populatton gam of 71 575 was recorded 
representmg a 1 0 percent annual mcrease (the nattonal average) The 1989 populatton showed an mcrease 
of 2 225 (or 0 1 percent) from the same date m 1988 (DRCOG 1989) 

There are 8 pubhc schools wthm 6 d e s  of the Rocky Flats Plant The nearest educabcmal fadty I the 
Witt Elementary School, whch 1s approxmately 2 7 mdes east of the Plant buffer zone The closest hospital 
is Centemal Peaks Hospital, located approxmately 7 mdes northeast The closest park and recrmonal 
area is the Standley Lake area whch 1s approxmately 5 d e s  southeast of the Plant Boahag, pimclung, 
and h i t e d  ovemght campmg are pernutted Several other small parks exst m commumbes wthm 10 mdes 
The closest major park Golden Gate Canyon State Park, located approxmately 15 d e s  to the southwest 
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promdes 8 400 acres of general campmg and outdoor recreahon Other nahonal and state parks are located 
m the mountam west of the Rocky Flats Plant, but all are more than 15 d e s  away 

Current commeraal development wtbm five d e s  of the Plant mcludes several research and development 
and hght mdustnal busmesses located drrectly south of the Plant and a gravel operahon, Western Aggregates 
Inc on the northwest edge of the Plant s buffer zone In addrtron, the Jefferson County Auport 1s located 
nearly five d e s  to the northeast (Fqpe 5) The largest concentratam of mdustrral use land wthm 10 d e s  
of the Plant mcludes Coors Brewery whch 1s located e&t d e s  south of the Plant m Golden 

Several ranches are located wthm 10 d e s  of the Plant prrmady m Jefferson and Boulder Counbes They 
are operated to produce crops, r u e  beef cattle supply mlUr, and breed and tram horses Accordmg to the 
1987 Colorado Agricultural Statsbcs 20 758 acres of crops were planted m Jefferson County (total land area 
of approxunately 475 OOO acres) and 68 760 acres of crops were planted m Boulder County (total land area 
of 405 760 acres) Crops conslsted of wrnter wheat corn, barley dry beans, sugar beets, hay and oats 
Livestock conslsted of 5,314 head of cattle 113 hogs, and 346 sheep m Jefferson County and 19 578 head 
of cattle 2 216 hogs and a133 sheep m Boulder County (Post 1989) 

1 3 4  Ecology 

A variety of plant Me thtlves wthm the Plant boundary Included are speaes of flora representative of tall 
grass pranie short grass p h  lower montane and fmW fame repons None of these speaes are on 
the endangered speaes h t  It 1s ewdent that the vegetatwe cover along the Front Range of the Rocky 
Mountams has been radrcally altered by human actmhes such as b u m q ,  tmber cuttmg, road burl- and 
overgraung for many years Smce the aqusiuon of the Rocky Flats Plant property vegetatwe recovery has 
occurred as ewdenced by the presence of &turbance sensitwe grass speaes such as b q  bluestem 
(Andropogon gerardn) and stdeoats grama (Bouteloua cmpendula) No vegetatne stresses ambutable to 
hazardous waste contammahon have been identdied (DOE 1980) 

The m a l  Me mhabitmg the Rocky Flats Plant and its buffer zone conslsts of spcues assouated wth 
western prate repons The most common large mammal 1s the mule deer (Odmdeus lemtonus) w h  
an estmated 100 to 125 permanent residents There are a number of small camwores, such as the coyote 
(Cams latrans) red fox (Vulpes fulva) stnped skunk (Mephts mephts) and long Med weasel (Mustela 
frenata) A profusion of small herbivores can be found throughout the Plant and buffer zone speaes such 
as the pocket gopher (Thomomys sp) whte taded jackrabbit (kpus tounsedu) and the meadow vole 
(Microtus pennsylvmcus) (DOE 1980) 

Commonly observed buds mclude western meadowlarks (Sturnella neglecta) homed larks (Eremophda 
dpestris) mowrung doves (Zenadura macroura) and vesper sparrow (Pooecetes grammeus) A vanety of 
ducks lulldeer (Charadnus voaferus) and red w e d  black bwds (Agelaus phoemceus) are seen m areas 
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adjacent to ponds Mallards (Anas platyrhynochos) and other ducks (Anas sp ) frequently nest and rear 
young on several of the ponds Common buds of prey m the area mclude marsh hawks (Cucus cyaneus) 
red tded  hawks (Buteo J ~ ~ ~ U ~ ~ I L S I S )  ferruginous hawks (Buteo regah) rough legged hawks (Buteo 
lagopus) and great homed owls (Bubo w p a n u s )  (DOE 1980) 

Bull snakes (Pituophts melanoleucus) and rattlesnakes (Crotalus sp) are the most hequently observed 
reptdes Eastern yellow belhed racers (Coluber constrictor) have also been reported on the site but these 
and other h r d s  are not commonly observed The western pamted turtle (Chrysemys picta) and the western 
plam garter snake (Thamnophs r a b )  are found m and around may of the ponds (DOE 1980) 

1 4  SITE LOCATIONS AND DESCRIPTIONS 

Ths Bedrock RFI/RI Work Plan addresses Operable Umt 2, whch contam the 903 Pad, Mound, and East 
Trenches areas located on the east side of Rocky Flats secunty area Several sites are mcluded m each area 
Figure 1 8 shows the locahons of these areas the sites wthm each area, and the operable u t  boundary 
Each site was assigned a SWMU reference number by Rochvell Internabonal (1987~) Smce then the 
SWMUs have been renamed IHSSs however the reference numbers are the same 

Site desmptions presented m the followmg secbons are taken from the Rocky Flats Plant CEARP Phase 
1 report (DOE 1986) and the RCRA Part B Operatmg Permit Appltcabon (Rockwefl Intemahonal1987c) 
as reported m EG&G (1990~) These descnphons are based on h t m d  records aenal photography 
rewew and lntemews wth Plant personnel Further charactemahon of each ate based on other hstoncal 
reports is also mcluded m the f o l l o q  &cussions 

0 

141 903PadArea 

Five sites are located wth m the 903 Pad Area ( F w e  1 8) These sites are 

0 903 Drum Storage Site (IHSS Ref No 112) 
903 Lip Site (IHSS Ref No 155) 
Trench T 2 Site (MSS Ref No 109) 

0 

0 

Reactwe Metal Destrumon Site (MSS Ref No 140) 
Gas Detonficahon Site (IHSS Ref No 183) 

Descnphons of each site wthm the 903 Pad Area are provlded m the followmg sechons 
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I 1411 

The 903 Drum Storage Site IS located m the eastern pomon of the Plant secunty zone Ths area was used 
from October 1958 to January 1%7 for storage of ra&oactwely contammated od drums (Calluns 1970) 
Presented below IS a descnphon of drums stored at the drum storage site from Calluns (1970) 

Most of the drums transferred to the field were n d  55 gallon drums, but a slgruficant number 
were 30 gallon drums Not all were completely full Appronmately three fourths of the drums 
were plutomum contammated, whde most of the balance contamed urmum Of those contammg 
plutomum most were lathe coolant cons~~tmg of a str-t cham hydrocarbon mmeral od (Sell 
Vitrea) and carbon tetrachlmde m varyrng propoaons Other hqwds were mvolved however 
mcludmg hydra& ods, vacuum pump od, tnchloroethylene perchloroethylene dcone  o h  acetone 
std bottoms etc Ongmally contents of the drums were mdmted on the outside but these 
marlungs were made dlegrble through weathermg and no other good records were kept of the 
contents Leakage of the od was recopmd early and m 1959 or possibly earher ethanolamme was 
added to the od to reduce the corrosion rate of the steel drums 

Drum leakage was noted at the 903 Drum Storage Site m 1964 durtng routme drum handhug operahons 
(Dow Chemical 1971) Correctwe acbon consisted of transfemng the contents of lealung drums to new 
drums and fenmg the area to restnct access Appronmately 420 drums leaked to some degree and, of 
these an estmated 50 leaked thew entrre contents An estmated 5000 gallons of hqud (Freiberg 1970) 
contruIllng 86 grams (g) [S 3 cunes (Ci)] of plutomum leaked mto the sod @ow Chemrcal 1971) A heavy 
ramstorm m 1967 spread contammts to a &tch south and southeast of the drum storage Ute (Dow 
Chemical 1971) however the locabon of the dttch IS not provlded by tlus reference 

Figure 1 9 outlmes drum locabons and sod st- at the 903 Drum Storage Site based on a revlew of 
hstorical aenal photography As seen on t€us figure drum storage occurred pnmanly m the northern and 
eastern pomons of the area Drums were not stored m the southwest porhon, where Bu~ldmg 903 was 

constructed m 1967 and were only bnefly stored at the southeast corner It appears that the drums stored 
south of the fenced area were placed at t h ~ ~  locahon durnng cleanup operabons as they appear only m the 
1%8 aenal photos 

The shpment of drums to the 903 Drum Storage Site ended m January 1967 when drum removal efforts 
began Removal of all drums and wastes was completed 10 June 1968 

Presented below IS a chronology of the 903 Drum Storage Site cleanup as descnbcd by Freiberg (1970) 

From January 23 1967 through March 10 1%7 urmum od drums whch were m good 
condlhon were transferred to Bruldmg 774 and processed 
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B d d q  903 on March 10 1967 started processmg od drums Ths burldmg was 
desrgnated to prefilter the od pnor to transfemng plutomum contammated od to B d d q  
774 for final processmg 

0 From March 10 1967 through May 18 1967 there were a total of 191 drums of plutomum 
contammated od filtered and slupped to Bddmg 774 

On May 18 1967 operahons at bddmg 903 were dscontmued due to the amount of tune 

thu process was t akq  

0 Drum to-drum transfer m the field began May 18 1967 and the drums were [SIC] slupped 
to Burld~ng 774 wthout pnor filtrabon m B d d q  903 

a 

From March 17 1967 through May 10 1967 m addtoon to the plutomum transfers there 
were 297 drums of urmum contammated A& Tn waste slupped to B d d q  774 and 
processed 

May 10 1967 through May 28 1968 a total of 4826 drums contammg 50 gallons of od 
each were sent to B d d q  774 and processed 

0 In addthon to the od storage area drums there were a total 650 drums from B d d q  776 
current generahon sent to Bddmg 774 for processmg a pipelme installed from B d d q  
776 to B d d q  774 e h a t e d  thu addtbonal od drum generahon 

Dunng the transfer operahons it was noted that at the bottom of all drums a deposit of 
sludge remamed after removal of the od Ths sludge vaned m depth from 1/2 mches to 
3 mches and averaged apprownately 1 mch By drum counter results the sludge wthta the 
empty drums contamed a total Of 5 152 grams (315 8 Ci) of plutomum These empty drums 
were later &posed of by ad- OJ Dry and MaoCel to absorb the sludge The drums 
contamng the plutomum sludge and absorbent were then incased m plasbc, placed m 
boxes and slupped to the bund grounds [The locabon of the bmal grounds IS not 
prowded by Freiberg (1970)l 

There were ongmally a total of 5,237 drums at the drum storage Ute when cleanup operahons began m 1967 
After transfer of the contents to new drums, 4826 drums, of wluch 3572 drums contamed plutomum 
contammated od, were transported to Buddmg 774 Tlus leaves the contents of 411 drums unaccounted for 
The most probable explanahon for thu Uepancy  accordmg to Freiberg (1970) 1s a combmahon of the 
folloumg factors 
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0 AU of the cuws 0ngma.U~ sent to the storage site were not completely full 

Leakage out of the barrels and onto the ground occurred 
Some of the volume was taken up by the sludge that was dscarded wth the empty barrels 

0 

Informahon provlded by Freiberg (1970) mdrcates that an estmated 5 OOO gallons of od leaked from drums 
onto the ground at the drum storage site This estmate was based on the memory and kuowledge of those 
mvolved m site operahons Based on od samples taken from barrels, the average plutomum concentrabon 
was 4 54 x 10 grams per hter (g/l) [a pic0 h e s / h t e r  (pCi/l)] Thus, approxlmately 86 g (5 3 Ci) of 
plutomum were released to sods at the drum storage ate (Fneberg 1970) 

In November 1968 site gradmg began at the 903 Drum Storage Site m preparabon for applylng an asphalt 
cap over the area Ths work mcluded m o v q  shghtly” contammated sod from around the fenced area to 
mside the fenced area A total of 33 drums of radroactrvely contammated roclts were removed from the area 
to mide the fenced area (Freiberg 1970) A total of 33 drums of radroactrvely contammated rocks were 
removed from the area m May 1969 and two courses of clean fill matenal were placed over the site d w g  
the late summer of 1%9 The asphalt was apphed 111 October 1969 and m February 1970 addrbonal road 
base course matenal was apphed to sods ctrectly east and south of the asphalt pad due to sod contammabon 
(Freiberg 1970) 0 
The asphalt contauunent cover 1s rectangular and onented north south (370 feet) and east west (395 feet) 
The pad drps shghtly to the northeast at a drop of one foot per 100 feet The asphalt cover 1s approxrmately 
8 centmeters (cm) (3 2 mches) thick and it 1s underlam by appronmately 15 cm (6 mches) of loose gravel 
and 8 cm of fill drrt (Navratd et al 1979) 

1 4  1.2 903 LID Site (IHSS Ref. No. 1551 

Durmg drum removal and cleanup acbvlhes assoaated wth the 903 Drum Storage Site mds redstnbuted 
plutomum beyond the pad to the south and east An estmated 1 Ci (163 g) of plutomum was redstnbuted 
beyond the asphalt pad and, of that 1 Cb approxrmately 056 Ci (9 1 g) 1s beheved to have been deposited 
m the 903 Lip Site (Barker 1982) The most contammated area was Immedrately adjacent to the pad to the 
south and southeast Surveys at the m e  showed a m8lumum plutomum umcentrabon of 2,258 pidunes  
per gram (pCi/g) [5 680 dsmtegrabons per m u t e  per gram (dpm/g)] m the top 5 cm (2 mches) of sod at 
the 903 Lip Site (Barker 1982) 

Sod cleanup efforts were undertaken m 1976 1978 and 1984 to remove plutoruum contammated sods from 
three Merent areas w h  the 903 LIP Site The 1976 sod removal operabon began rn June 1976 and ended 
m September 1976 Th~s cleanup conslsted of hand excavatmg contammated sods from an area m the vl~~llty 
of the Reactive Metal Destrucbon Site und sod contammabon levels were below the detecbon h i t  of the 
Field Instrument for Detection of Low Energy Radmbon (FIDLER) The detechon b u t  of the FIDLER 
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is 250 counts per mmute (cpm) The FIDLER counts are an mtrument dependent measure of surface 
acbvlty and cannot be converted to plutomum concentrabon m the sod The excavated area was covered 
wth clean top sod and reseeded wth nabve grasses Thvty five boxes, we- a total of 125 OOO pounds 
were removed and shpped offsite for drsposal durrng the 1976 cleanup (Barker 1982) The offsite drsposal 
location was not provlded by Barker (1982) Recent rahologcal surveys have been conducted to further 
assess rahoacbve contamtnabon These d u d e  an a e d  gamma survey conducted m July 1989 (EG&G 
1990e) and a ground based gamma suney conducted m 1990 

The 1976 sod removal techruque of hand wcavabon was meffiaent consldenng the large amount of 
contammated sods requumg removal at the 903 LIP Site In June 1978 a second sod removal project began 
north of the 1976 removal usmg a front end loader alone and m mnjun&on wth a bulldozer All sod that 
exceeded 2 0oO cpm as determmed by a FIDLER survey was removed Cleaned areas were resurveyed and 
sod removal contmued untd background level rea- (approxmately 250 cpm by a F'IDLER survey) were 
obtamed Topsod was then applled to the excavated area, and the site was revegetated wth nabve grasses 
D m g  the 1978 sod removal 1448 boxes we- approxmately 4 7 d o n  pounds, were removed and 
shpped offsite (Barker 1982) The offsite drsposal locabon was not provided by Barker (1982) 

Approxunately 0 5 CI (8 2 g) of plutomum were removed from the 903 Lip Site dunng the two sod removal 
projects Ths  quantity IS based on an average sod plutomum concentrahon of 545 pCi/g (l,,u)o dpm/g) and 
a sod density of one gram per cubic centmeter (g/cm') (Barker 1982) 

A thud sod cleanup was performed along the eastern edge of the 903 Lip Site m 1984 A total of 214 t r ~  
wall pallets of contammated sod were removed from the area The excavated area was backfilled wth clean 
topsod (Setlock 1984) 

1413  Trenc h T 2 Site (IHSS Ref. No. 1091 

Trench T 2 is located south of the 903 Drum Storage Site and west of the Readnre Metal Destruct~on Site 
wthm the 900 Area ( F w e  1-6) Tius trench was used pnor to 1968 for the drsposal of samtary sewage 
sludge and flattened drums contammated wth urmum and plutmum T ~ I S  trench 1s belleved to measure 
approxunately 15 feet wde by 200 feet long by 5 feet deep (Rockwell Internabonal 1987c) Barrels were 
noted m the western end of Trench T 2 dunng 1987 mveshgabons 

14 14 Reactive Metal Destru&jon Site (IHSS Ref. No, 1401 

The Reactive Metal Destrudron Site IS located on the U i d e  south of the 903 Drum Storage Site ( F w e  
1 6) T h  site was used dunng the 1950s and 1960s pnmanly for the destruaon of h h u m  metal (DOE 
1986) Approxunately 400 to 500 pounds of metahc hth~um were destroyed on the ground surface m this 
area and the residues pnmanly hthIum carbonate buned @Isley 1978) Smaller unknown quanbbes of 
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sohum caluum magnesium solvents and unknown hqluds were also destroyed at thts locatton (Illsley 
1978) 

Based on rewew of hstoncal a e d  photography the Reacme Metal Destrucbon Site was used from 1968 
to 1971 Barrels were noted m the southwestern comer of IHSS 140 durrng 1987 mvestgattons 

Bulldmg 952 located south of the 903 Drum Storage Site was used to detoxrfy vanous gases from lecture 
bottles between June 1982 and August 1983 The lecture bottles held approxmately one her of compressed 
gas each The gases conssted of var~ous types of rutrogen ondes, chlome hydrogen sulfide sulfur 

tetrafluoride methane hydrogen fluonde and ammoma, wluch were used m Plant research and development 
work Gas detodicabon was accomphhed by uslng var~ous commerual neutralmuon processes avadable 
at the tune After neutrbtton, glassware used m the process was tnple rmed, crushed, and deposited m 
the present landfill The neutrahd gases released mto the enwonment durrng detdcatton would no 
longer be detectable (Rockwell Internattonal 1987c) 

1 4 3  Mound- a 
The Mound Area 1s composed of four sites (Fqpre 1-6) These are 

0 Mound Site (IHSS Ref No lU) 

011 Burn Pit No 2 Site (IHSS Ref No 153) 
Trench T 1 Site (IHSS Ref No 108) 

Pallet Burn Site (IHSS Ref No 154) 
0 

These sites are desmbed mhwdually below 

1 4 3  1 Mound S ite (1-f. No. ll31 

The Mound Site located north of Central Avenue m the eastern Plant seamy area, was used between Apnl 
1954 and September 1958 for drum &pod Appromately 1405 drums contamng p n m d y  depleted 
urmum and berylhum contammated lathe coolant (a rmxture of about 70 percent hydraullc od and 30 
percent carbon tetrachlortde) were placed at the Mound Site (RoclcwcU Intcrnabonal1987c) [Records do 
not mhcate that the barrels were actually bmed (Calluns 1970)l It IS ltkely that some of the coolant also 
contamed emched urmum and plutoruum (Rochvell Internattonal 1987c) Some drums also contamed 
Perclene (Smith 1975) Perclene was a brand name of tetrachloroethene (Sax and Le- 1987) Some of 
the drummed wastes placed m the Mound Site were m sohd form (Rockwell Internattonal 1987c) ‘ 0  
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Cleanup of the Mound Site was accompltshed m May 1970 and the matenals removed were packaged and 
slupped to an offsite DOE fadty  for hposal Ljsted below IS an mventory of the 1405 drums removed 
from the Mound Site m 1970 (Dow Chemcal 1971) 

Po. ofD r m  Contents 

903 

21 

30 gallon drums of depleted urmum sokd waste 

30-gallon drums of depleted urmum od waste 

l2 30 gallon drums of plutomum contammated od waste ““he plutomum content 
was so low that it was measurable only by the most sensitwe laboratory 
techques (Dow Chemical 1971) 

102 55 gallon drums of depleted urmum sohd waste 

282 55 gallon drums of depleted urmum od waste 

85 55 gallon drums of emched urmum od waste 

1405 TOTAL DRUMS 

Subsequent surficial sod samplmg m the wumty of the excavated Mound Site mdxated 0 8 to 112 5 dpm/g 
(04 to 51 pCi/g) amwty Thu radoachve contammahon IS thought to have come from the 903 Drum 
Storage Site wa wmd hpersion rather than from the Mound Site as it was h t e d  to the surface (Rockwell 
International 1987c) 

14.2.2 Trench T 1 Site No. lplll 

The trench was used from 1954 untd 1962 and contam apprownately 125 drums filled wth approxrmately 
25 OOO lulograms (kg) (55 115 pounds) of depleted urmum ch~ps (Dow C h m d  1971) and plutomum ch~ps 
coated wth small amount of lathe coolant (Rockwell Intemahonal1987c) The estamated dunensions of 
Trench T 1 are 15 feet wde by 200 feet long by 5 feet deep (Rockwell Internattonal 1987c) Trench T 1 was 
covered wth about two feet of sod, and the comers were marked (Rockwell Internattonal 1987c) 

Weed cutmg actiwhes m October and November 1968 unearthed two drums madcquately covered wrth fill 
m a t e d  Both drums were sampled and analyzed for total plutmum and urantum contents before they 
were &posed offsite (IUsley 1983) The offsrte hposal locatton was not prmded by Illsley (1983) One 
of the drums sampled contamed an od water m e  wth 55 pCi/I of plutomum and 23 x Id pCi/l of 
urmum The other drum contamed an ody sludge wth 4 6 pCI/g of plutomum and 12 x lob pCi/g of 
uriilllum (Illsley 1983) 
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1423 Oil Burn Pit No. 2 site ( IHSS Ref. No. la 

Od Burn Pit No 2 1s actually two parallel trenches that were used 111 1957 and from 1961 to 1%5 to burn 
approxunately 1082 drums of od ant- urmum (Rocltwell Intermbod 1987c) In March and Apnl 
of 1957 the contents of an estunated 169 urmum contammated waste od drums were burned No further 
burnrng took place untd 1961 Frequent burnupg of waste od took place from June 1961 to May 1965 The 
contents of approxunately 914 drums were burned d q  t h s  tune The drums used for the od bumng 
operation were generally reused however 300 empty drums were &carded by flattenmg and buryrng them 
1t1 the b u m q  pits @ow Chermcal1971) The urmum concentrabons of the burned waste od 1s unknown 

The residues from the b u m q  operahons and the flattened drums were covered wth backfill In 1978, the 
area was excavated to a depth of approxunately 5 feet and 289 boxes (56 cubic feet per box) of contammated 
sod were removed and shpped offsite to an authonzed DOE duposal site (Illsley 1983) The offsite bposal 
locahon was not provlded by Usley (1983) 

142 4 Pallet Burn Site tIm Ref. No. lSql 

An area southwest of Od Burn Pit No 2 was reportedly used to destroy wooden pallets 111 1%5 The types 
of hazardous substances or radtonuchdes that may have been spdled on these pallets 1s unknown This site 
was cleaned up and reclauned 10 the 1970s (DOE 1986) Two locabons for the Pallet Burn Site are shown 
on Figure 1 8 The westernmost locabon was reported by Owen and Steward (1973) However based on 
rewew of hstoncal aenal photographs there was no duturbance at ths western locatron The eastern 
location was identlfied from 1%3 and 1965 aenal photography of the area 

143 East Trenches Area 

The East Trenches Area conssts of m e  bund trenches and two spray mgabon sites These sites are 

0 Trench T 3 
Trench T-4 

0 Trench T 5 

Trench T 6 
0 Trench T 7 
0 Trench T 8 
0 Trench T 9 
0 Trench T 10 

Trench T 11 
East Spray 
Imgahon Sites 

(IHSS Ref No 110) 
(IHSS Ref No 1111) 
(IHSSRef No 111.2) 
(IHSSRef No 1113) 
(IHSS Ref No 111 4) 
(IHSSRef No 1115) 
(IHSS Ref No 111 6) 
(IHSS Ref No 111 7) 
(IHSSRef No 111.8) 
(IHSS Ref Nos 2162 and 2163) 
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Trenches T 3 T-4 T 10 and T 11 are located north of the east access road, and Trenches T 5 through T 9 
are south of the east access road The wastes m these trenches have not been duturbed smce theu burd 
The spray ungahon areas are located east of Trenches T 5 through T 9 (Pqure 1 6) 

1431 Trenc bes T 3 thro~nh T 11 tIm Ref. 110 and 11- 

These trenches as well as Trench T 2, were used from 1954 to 1968 for duposal of approxunately 125 OOO 
kg of smtary sewage sludge contammated wth uruum and plutomum and appranmately 300 flattened 
empty drums contammated wth uran~um (Illsley 1983) Radmhon content of the sewage sludge ranged form 
8 4 x Id dpm/kg (382 pCi/g) to 7 9 x lob dpm/kg (3,590 pCi/g) (Owen and Steward 1973) Total alpha 
ra&oactnnty m Trenches T 2 through T 8 I esttmated to be 100 to 150 mdlCunes (0 1 to 0 14 cl) (Dow 
Chemical 1971) Trenches T-4 and T 11 also contam some plutomum and uran~um contammated asphalt 
planlung from the solar evaporahon ponds (Illsley 1983) 

Accordmg to Illsley (1983) samples were collected from Trenches T 9 T 10 and T 11, and the results were 
as follows 

Samples from T 11 contamed plutomum KI the ranges from 4 5  to 50 pCi/g and uran~um 238 ~II  

the range between 09 and 158 pCi/g Trench T 10 was found to contam urmum m the range 
between 40 and 126 pCi/g and Pu 239 m the range from 0 18 to 14 pCi/g Plutolllum 
concentrahons m collected samples vaned from 040 to 68 pCi/g and uran~um was found m the 
range between 2 4 and 450 pCi/g m Trench T 9 

The sampling dates and collechon methods of these samples are unknown 

IHSS numbers 216 2 and 2163 were used for spray mqahon of sewage treatment plant efnuent These 
areas have been desqpated as MSSs because effluent contamng low concentrattons of chromium was 
madvertently sprayed m the area m February and March 1989 The chrormum entered the sanrtary sewage 
treatment plant on February 3 1989 subsequent to a spdl of chrome aud m Bluld~~g 444 (Rodwell 
International 1989d) 

15 PRIOR SITE CHARACTERIZATION 

Site charactemahon aawhes have been conducted at Rocky Flats over apprcnomately the past 30 years 
D r h g  programs mhated m 1960 resulted 10 the construmon of 56 groundwater momtonng wells Plant 
wde pnor to 1986 At least SIX of these pre 1986 wells are located wthm Operable Umt 2 Screen mtervals 
and other construmon detarls of these wells are unknown The SIX pre 1986 wells and then depths are 
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Well 171 24 feet deep Well 271 30 feet deep Well 174 24 feet deep Well 374 24 feet deep Well 774 
50 feet deep and Well 2274 162 feet deep Other prevlous achvlhes are hted m Subseaon 13 12 of ths 
work plan 

A Phase I RI was conducted m 1986 and 1987 to lnttrate the second major adrvlty of the ER Program at 
Rocky Flats Fgwe 1 10 shows the locabons of boreholes dnlled and momtonng wells mstalled m 1986 and 
1987 as well as the locabons of several momtonng wells lnstalled m 1971 and 1974 Little 1s known about 
the construcbon detads of the earher wells Several figures m Seaon 2.0 show the area where the majonty 
of the boreholes are located at a larger scale 

1 5  1 Phase I Reme&al Investigation 

A Phase I RI (Rockwell Internahonal 1987a) was conducted to lruhate the second major achvlty of the 
Rocky Flats ER Program at Operable Uxut 2 

The Phase I RI conslsted of the followmg field achvlbes 

0 Electromagnebc, reslsbvlty and magnetometer geophysical surveys 

Sod sample collechon from 33 boreholes 
A sod gas survey 

Complebon of 10 AUuvlal and 14 bedrock momtonng wells 
Groundwater sampllng of new and prevlously ern- wells 

0 

0 Slug testtng of l3 wells 
Packer testmg of cored bedrock wells 
Collechon of 22 surface water seep samples 
Au momtonng for total long hved alpha, plutomum and volat.de orgarucs during field 
achvlhes 

0 

0 

In addmon to the Phase I mvesbgahon at the 903 Pad, Mound, and East Trenches areas, several momtonng 
wells were lnstalled m these areas as part of a Plant Hnde hydrolop mvestgahon m 1986 (Rockwell 
International 1986e) Surface water sod, and au samples have also been collected at these areas as part of 
vanous mvesttgations The Phase 11 RFI/RI Work Plan (Alluwal) presents a more complete summary of 
the Phase I RI than ths bedrock work plan does Ths work plan presents data from the Phase I RI and 
other prevlous work that are pertment to bedrock characternabon Radtolopcal surveys of the ground 
surface have also been conducted, the results of whch are presented m the alluvlal work plan These 
mcluded a survey of the 903 Pad m 1968 and an aenal rahologd survey of the entue plant (EG&G 199Oe) 
In addbon further ground based radlologrcal measurements were obtamed m summer/fall1990 the results 
of whch are not yet pubkhed 
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1.53 Recent Geologic Characterization 

Subsequent to the draft Phase I FU report EG&G identdied mconslstenues m the methods that had been 
used for loggmg geolopc matenals and mterpretmg geologc data As a result a project was abated to 
develop a geologx charactemahon of the Rocky Flats Plant by conductmg a lrterature revlew reclasslfylng 
prewously obtamed samples usmg standardwd procedures conductmg further laboratory testmg on 
prewously obtamed samples processmg semuc data, and then remterpretmg the geology based on all 

avdable data 

Intern results of thts ongomg study are presented m a draft report (EG&G 199Oa) However that report 
is a worlung draft whch has not been prepared for dutnbubon That report presents summanes of 
strahgraphy and structural geology of the area and regons, the current workmg model of Plant geology 
conclusions based on the workmg model and recommendabons for further work requved to contmue the 
ongomg charactemtion Data and summanes of the data pertment to bedrock m Operable Umt 2 are 
presented m figures and tables and m Appendm A to ths work plan 

Shallow hgh resolution sesmic reflecbon p r o w  (EG&G 199ob) has been conducted to supplement the 
ongomg geoloec charactembon efforts A pnmary focus of the sesmic work has been to delmeate both 
subcroppmg and confined channel shaped fluvlal sequences contammg sandstone m the predommantly 
claystone Arapahoe Formabon bedrock The study lnvolved obt- reduung, and mterpremg data from 
14 seismic reflection h e s  m the Operable Umt 2 area That report IS also a worlung draft whch IS not 
prepared for dstnbution 

1.53 Pbase I1 RFI/RI Work Plan (Alluvial) 

The Phase I1 RFI/RI Alluvlal Work Plan (EG&G 199Oc) presents detaded summanes of data obtamed 
durmg the Phase I RI However both the data and the ducwon of slte bydrogeology and nature and 
extent of contammabon concentrate on the geolop matenals and groundwater contamed m the upper HSU 
The FSP contamed m the alluvlal work plan addresses the mvemgahon of the upper HSU (subsurface 
sedlments above the conceptual boundary shown m Fqure 1 1) 
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20 
SI lE  CHARACTERIZATION 

Thls sectron desmbes the current understan- of the bedrock physical charactemhcs the nature and 
extent of contammatton, and potentd bedrock pathways to human receptors or the enwonment m Operable 
Umt 2 h t m g  data were obtamed from premous site mves@ahons as summanzed m Subseaon 1.5 The 
descriptton of site charactembon presented m t h ~ ~  work plan mcludes excerpts from the Alluvial Work Plan 
(EG&G 1990~) but it concentrates on the asamdabon of data perhnent to c$aractemng the bedrock 
Much of the bedrock data were mcluded but not evaluated m the allmal work plan The desmptton of ate 
physical charactemhcs and nature and extent of mntammahon presented m Subsechons 2 1 and 2 2, 
respectrvely were combmed to develop a site conceptual model, Subsechon 2 3  

2 1 SITE PHYSICAL CHARACTERISTKS 

The physical charactensttcs of the repon and plant site are presented m Subsechon 13 Site locat~ons and 
descriptions mcludmg btoncal accounts of slte aanttes are presented m Subseaon 1 4  Tius seaon of 
the work plan summarues exutmg subsurface data and presents the current worlung model of the site 
geohydrology emphasmngbedrock geology and the hydrostrabgraphtc m t ( s )  (HSU[s]) underlymg the upper 
HSU 

2 1 1  Geology 

2 1 1 1  Surficial Geolgpy 

Surficial matenals at the 903 Pad, Mound, and East Trenches areas consst of the Rocky Flats Alluvium 
colluwum and valley fill allumum unconfomably overlymg bedrock ( F i i e  2 1) The area IS situated on 
a pedment of Rocky Flats Alluvium that extends eastward from the Plant The Rocky Flats Alluvium 
conslsts of a poorly to moderately sorted, poorly stratdied deposit of clays dts sands, gravels and cobbles 
A porbon of the 903 Pad Area extends south off the pdment toward the South Interceptor Ditch 
Colluvium IS present on the &de south of the 903 Pad and East Trenches areas and on the U i d e  north 
of the Mound and East Trenches areas Valley fill alluv~um IS present m the dramage of Woman Creek 
south of the 903 Pad and East Trenches areas and m the South Walnut Creek dramage north of the Mound 
Area 
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Buned pedment dramages and ndges eroded mto the Arapahoe Formahon bedrock surface are present at 
the base of the Rocky Flats Mumum ( F w e  2 2) A relahvely small pedment dramage L present startmg 
near the southeast corner of the Mound Area and extendmg southeast where it L truncated by the U i d e  
A larger pedunent dramage starts south of the west end of the East Trenches and trends northeast, 
traversmg the central pomon of the East Trenches A bedrock ndge IS present on the north fide of this 
pedment drasnage startmg m the Mound Area and trendmg east northeast across the northwest porhon of 
the East Trenches Area A topographc lllgh m the bedrock surface occurs on the south side of the larger 
pedment dramage just south of the central pmon of the East Trenches 

2 1 1 2  

Signrfcant work has been conducted recently to refine the charactemahon of the bedrock at Rocky Flats 
An ongomg geolopc charactemahon program addressmg Rocky Flats (EGBrG 199Oa) 1s m progress based 
on a comprehensive hterature search, reproccssrng and dembmg prewously obtamed core samples 
reprocessmg prevtously obtamed sesmic data, and colledrng and analyzq selected samples for gram sue 
analyses The geolopc charactenzahon IS an on gomg program that wdJ mcorporate all gml-c mformahon 
Plant wde for contmued refmement of the workmg geologx model The referenced report IS a draft 
mternal workmg document Data and results of h charactemahon that are pement to the Operable 
Umt 2 bedrock are presented rn thLs work plan In ad<thon to these efforts, htgh resoluhon selsrmc 
reflechon prof- was conducted m the Operable Umt 2 area (EG&G 199ob) T ~ I S  report IS also an 
mternal workmg draft document therefore perbent data are summanzed m &IS work plan The geolwc 
mterpretations presented m &IS work plan are based on mformahon from Hurr (1976) and on the ongomg 
geolopc charactemahon study These mterpretahons may be revlsed as more data are obtamed dunng the 
Phase I1 Geologc Charactemahon and the bedrock componet of the Phase II RFI/RI 

The Cretaceous age Arapahoe Formahon underhes surfiual matenals at the 903 Pad, Mound and East 
Trenches areas The hgh resoluhon selsmc reflemon program mdmted that the Arapahoe Formahon d~ps 
at less than 2 degrees to the east The Arapahoe Formahon, whch IS apprownately 250 feet thrck 111 the 
wcmty of the Plant conssts of fluvtal claystones wth mterbedded sandstones, sdtstones, and occasional 
h p t e  deposits Contacts between these hthologies are both gradahonal and sharp 

Fmmg upward graded sandstone sequences w h  the Arapahoe Formahon are representatwe of both 
laterally accreted pomt bar deposits and floodplam splay deposits Laterally acaeted pomt bar deposits 
occur by the slow rmgrahon of fluwal channels and splay deposits are formed by breachrng of channel banks 
dutrng floods (Blatt et al 1980) Overbank flood deposits consst of very fine sand and mud deposited near 
the stream channel or on the stream flood plm Channel fill deposlts are formed m abandoned channels 
by a reduchon m stream &charge or by cutoff of a meander (formahon of oxbow lakes) (Blatt et al 1980) 
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Based on prevlous mvestigaUons and on the on going geologc charactenzation by EG&G bedrock in the 
903 Pad Mound and East Trenches areas is predommantly claystone (EG&G 1990~) However SIX channel 
sandstone mtervals have been prehmady identified beneath the Rocky Flats Plant These are general 
stratigraphtc mtervals each of wh& contam sandstone only at some locations They have been sequentially 
numbered accordmg to increamg depth Thus Arapahoe Sandstone No 1 IS the uppermost sandstone 
which subcrops in many areas Arapahoe Sandstone No 6 IS present at or near the base of the Arapahoe 
Formation 

Generally the Arapahoe Sandstones that occur wthm 30 to 40 feet of the base of the alluvlum are oxldized 
and are pale orange yellowh gray and dark yellowh orange The sandstones that are not in the 
weathered zone are light gray and olive gray Most of the sandstones are very fine to medium gained 
poorly to moderately sorted subangular to subrounded sdty clayey and quartntic, wth trough and planar 
cross stratificabon The claystones and sdty claystones are llght to medium olive gray occasionally olive 
black wth some dark yellourish orange claystones 111 the weathered intervals near the base of the alluwum 
The yellowsh orange and yellowh brown color IS the result of the iron oxlde stamng 

The geologc characterization study to date has included mappmg the estimated areal extent of Arapahoe 
Sandstone Nos 1 3 and 4 In the context of ths geolopc model these sandstone deposits are fluwal 
sequences composed of predommantly fme grained sands and silts wth some clays They are channel 
deposits that are aggregated or stacked together m a zone in the subsurface rather than a single channel 
Therefore the sandstones shown do not all necessmly class$ as sand by soil c l d c a t i o n  methods The 
lateral extent of these channel shaped fluvlal sequences m each of the lithologic mtervals 1 3 and 4 was 
estimated based on prewous borehole information Figure 2 3 shows the estimated lateral extent and 
thickness isopachs of the Arapahoe Sandstone No 1 and Figures 2 4 and 2 5 show the esbmated lateral 
extents of the Arapahoe Sandstone Nos 3 and 4 Sandstone was also found in the Numbers 2 and 5 
intervals 111 several boreholes m the Operable Unit 2 area However there was not suffiaent information 
to estimate the lateral extent of sandstones wthn these mtervals Figures 2-6A and 2-6B 2 7A and 2 7B 
and 2 8A and 2 8B show cross seaom depicting the Arapahoe Sandstone intervals along three alignments 
through the Operable Unit 2 area The ahgnments A A B B and G G are shown m Figures 2 3 2 4 and 
2 5 These sections are from the draft Geologc Charactermtion Report (EG&G 199Oa) 

Significant areas of the Arapahoe Sandstone No 1 are known to subcrop beneath the Rocky Flats Alluwum 
in the 903 Pad Mound and East Trenches areas It 1s believed that nearly the entire area shown as the 
Arapahoe Sandstone No 1 subcrops beneath the Rocky Flats Alluvlum Based on the cross sections shown 
in Figures 2-6A 2-6B 2 7 4  2 7B 2 8A and 2 8B the Arapahoe Sandstone Nos 5 3 and 4 may subcrop 
in localized areas of the hillside to the south and southeast of the 903 Pad Area As a result of the 
significant areal extent of subcropping Arapahoe Sandstone No 1 and since significant contamination has 
been found in ths uppermost sandstone mterval all of the Arapahoe Sandstone No 1 IS presumed to be 
wthin the upper HSU 
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I Therefore the conceptual boundary between the alluvlal and bedrock components of the RFI/RI passes 
beneath the Arapahoe Sandstone No 1 Fqyre 1 1 shows the conceptual boundary between the alluwal and 
bedrock components of the RFI/RI Although there are areas where the lower sandstone m t s  may subcrop 
beneath colluwum on the valley slopes the areal extent of these subcrops s estmated to be relatively small 
and the sandstone m t s  are not comdered to be m the upper HSU Therefore they wdl be treated as part 
of the bedrock component of the RFI/RI 

High resoluhon sesmic reflecbon p r o w  (EG&G 1 W b  Rockwell Intemabonal 1989g) was conducted 
to help refme the workmg model of the bedrock geology part~cularly m the Operable Uxut 2 area There 
are some merences between the geologc model presented UI tlus work plan and the h@ resolubon selsmic 
reflechon p r o w  report m the estmated hckness and areal extent of the Arapahoe Sandstone No 1 
Smce the Arapahoe Sandstone No 1 s considered to be unthm the upper HSU further charactermuon of 
it and resoluhon of Merences between the geologw charactemahon and h@ resoluhon sesmc profbg 
results wd be part of the alluwal RFI/RI actmhes 

In general the hgh resoluhon seismic reflechon proNrng was not conducted m the areas where the 
Arapahoe Sandstone Nos 3 and 4 are mdicated by the mtenm geologc charactemahon results Therefore 
it was not determmed by the sesmic work conducted to date whether there may be relatively large and 
contmuous channel shaped fluwal sequences contammg sandstone unthm these l~thologc mtervals as depicted 
in Figures 2 4 and 2 5 or whether the occurrence of fluwal channel sequences m these mtervals 1s more 
locaked and dwontmuous The hgh resoluhon sesmic reflecbon p r o m  report mdicated the presence 
of two relatively small areas of relabvely thxk sandstone contamq deposits The areal extents of these 
sandstones are shown 111 Figures 2 4 and 2 5 and the depths and thicknesses mQcated by sexsmic results are 
shown m sechon m Figure 2 8.4 They are mdnted to be 50 to 60 feet tluck, compared to the 10 to 20 foot 
thckness generally mdicated for the mtervals desmbed by the draft geololgc charactenzabon However the 
mterpretation of the seismic data IS based to a large extent on estmates of seismic velocities The 
mvestigation described m thrs work plan d u d e s  boreholes and geophysical 10- at these locations to help 
correlate seismic velouues unth hthology The ongomg geologpc cbaractemabon by EG&G may mclude 
further work to assst m ref- these mterpretahons There appears to be a potenhal for the sandstones 
mferred from the sesmic work to correspond to the Arapahoe Sandstone Nos 3 through 5 mtervals 

' 0 
I 

Table 2 1 presents a tabular summary of hthology well screen mtervals and the depth of the contact 
between the alluwal and bedrock components of the RFI/RI based on wells and boreholes W e d  mto the 
bedrock Data on whch t h ~ ~  table s based are presented m Appendur A, an excerpt from the geololgc 
charactemtion report Ths dormation, along ulth the bedrock surface elevabons m Fqure 2 2 and 
Arapahoe Sandstone No 1 lsopachs shown m Fgure 2 3 was used to develop a contour map of the base 
of the upper HSU (Figure 2 9) Note that based on F w e  1 1 the depth to the contact between work plan 
components is 5 feet lower than the upper HSU bottom surface shown la Fqure 2 9 

I 
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2 1 2  Groundwater Hydrology 

Unconfined groundwater flow occurs m the surfiaal materials and in subcropping sandstones In addition 
subcropping daystones may be saturated m some locatrons partrcularly where weathered and fractured 
Confined groundwater flow occurs m the lower sandstone units and possibly m saturated mnes of claystone 
wth  sufficient hydraulic conductmty The majonty of wells that have been installed in weathered daystone 
throughout the Plant are m unsaturated mnes and are typically dry 

2 12 1 Groundwater Flow Svstem in UDW r HSIJ 

Recharee/Discharge Conditions 

Groundwater IS present under unconfined condihons in the Rocky Flats Alluwum colluwum valley fill 
alluvium and subcropping sandstones Recharge to the upper HSU occurs from infiltration of madent 
precipitahon and as seepage from dtches, creeks, and ponds The shallow groundwater flow system is 
dynamic wth  large water level changes OcCuITlng in response to precipitation events and stream and ditch 
flow Alluwal water levels are highest dunng the sprmg and early summer months of May and June Water 
levels generally decline durmg the second half of the year at which time some wells go dry The shallow 
groundwater flow system supports ephemeral flow m the creeks 

Alluwal groundwater dlscharges from seeps to colluvium in surface water dramages and to subcropping 
Arapahoe Sandstone in the 903 Pad Mound and East Trenches areas Seeps occur along the edge of the 
pedment (at the alluwum/bedrock contact) and on the hillside slopes Viable seeps on the hillsides may 
be due to thinxung of colluwal matenals There are several seeps downslope to the southeast of the 903 Pad 
Surface water stations establlshed at these seeps m the 903 Pad Lip Area are designated SW 50 SW 51 SW 
52 SW 55 SW 57 SW 58 and SW 77 Figure 2 10 shows the locations of these seeps Station SW 50 is 
closest to the 903 Pad and SW 57 and SW 52 are south of SW 50 SW 51 and SW 58 are located in a ditch 
along the road east of SW 50 Overland flow of seepage from SW 50 SW 52, and SW 57 enter the ditch 
Water in the ditch passes under the road south of these locations through a culvert The discharge of the 
culvert is SW 55 SW 77 is another seep located on the east side of the road just north of SW 55 It is 
noted therefore that SW 51 SW 58 and SW 55 are physically connected and likely receive flow from SW 50 

SW 52 and SW 57 Farther downgradient stations include seeps at SW 53 SW-62, SW-63 and SW-64 SW 
27 SW 30 SW 54 and SW 70 on the South Interceptor Ditch and SW 26 SW 28 and SW 29 on Woman 
Creek Ground water in valley fill materials discharges to Woman Creek or South Walnut Creek 
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the average h e a r  veloaty of groundwater m Woman Creek valley fill IS 145 ft/yr (Rockwell Internahonal 
1987a) Estmates of average h e a r  veloaty of the groundwater range from about 10 to 620 ft/yr based on 
the range of hydrauhc conduchwty values (EG&G 1990~) 

South Walnut Creek valley fill IS less conductwe than that along Woman Creek, based on htholog~c 
desmphons and hydrauhc conductmy tests of Well 3586 A drawdown recovery test and a slug test have 
been performed m Well 3586 The hydra& condudmy of South Walnut Creek Wuvlum calculated from 
the drawdown recovery test was 9 x l@ cm/s Results of the slug test mdtcated a hydrauhc conductiwty of 
1 x lo4 cm/s Assummg a mean conductmty of 9 5  x l@ cm/s an effechve porosity of 0 1 and an average 
grahent of 002 ft/ft the average h e a r  veloaty of groundwater m South Walnut Creek valley fill IS 

estmated to be about 20 ft/yr (Rockwell Intemahonal 1987a) 

The estmated average h e a r  veloahes of groundwater calculated for vanous sur f id  matenals assume the 
materials are fully saturated year round However as &cussed above port~ons of the Rocky Flats Allwum 
colluwum and valley fill alluwums are not saturated duIlng the entue year In some areas the shallow 
groundwater flow occurs only w e  months of the year (generally November through July) Thus m such 
areas the resultant average h e a r  veloaty of groundwater calculated as a yearly estmate would be reduced 
m the shallow alluwal matenals (appromately 65 ft/yr m Rocky Flats Allmum 110 ft/yr m Woman Creek 
valley fill alluwum and 15 ft/yr m South Walnut Creek valley till alluwum [EG&G 199ocJ) 

2 123 Confined G roundwate r Flow Svstem(s1 

Flow wthm the lower sandstones IS beheved to generally be from west to east, consstent wth the gradual 
easterly h p  of the bedrock however the geometry of the sandstone utllts and the groundwater flow paths 
m the bedrock are not well understood at this tme Also there 1s not suffiaent dormahon to estmate 
groundwater flow rates 111 the lower sandstones To estmate flow rates would requre knowledge of 
hydrauhc graQents wthm the mdmdual sandstone wts and further CbaractenzaUon of hydra& conduchwty 
and effective porosity values m the bedrock w t s  

The results of packer tests conducted m the bedrock dunng the Phase I RI generally mdtcate low values of 
hydrauhc conduchwty on the order of 1 x lob to 1 x lOa cm/sec, m both the unweathered sandstones and 
claystone Although not supported by the avadable packer test data, geologic desmFons and partde sIze 
data on the sandstone and daystone appear to mdcate that hgher confined groundwater flow rates occur 

~fl the fluwal sequences contammg sandstones and sdtstones than 111 the claystones Slug tests conducted m 
wells screened 111 the unconfined Arapahoe Sandstone No 1 mdcated hgher hydra& conduchvlhes m the 
range of 5 x 10’ to 1 x lo3 cm/sec (Well 0987) (data presented m appendces to Rockwell Internahonal 
1987a) 
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F w e s  2 12 through 2 20 present well hydrograpk for selected wells located near each other These 
hydrographs demonstrate that relattvely htgh apparent downward gradents generally occur m the Arapahoe 
Formation across the site The lowest apparent vertrcal gradrent shown m Figures 2 l2 through 2 20 was 
calculated to be approxlmately 0 33 between Well 5986 wh~ch IS screened m the Arapahoe Sandstone No 
3 and Well 0887 whch IS screened m claystone at depths between 84 and 89 feet These two wells are 
located m the 881 Hlllside area to the west of the southwest corner of Operable Unrt 2 

The relatwely htgh apparent vertrcal hydrauhc gradrent m the bedrock mdcates that flow whch occurs m 
the unweathered claystone wdl tend to be predomrnantly m a downward dvecbon Steep downward vertrcal 
gradrents are often found m the topographcally elevated portrons of groundwater flow systems where the 
shallow surface matenals are relatwely m hydraullc condudlvlty (wh~ch typically leads to hgh rates of 
mfiltrahon of preupitahon) and the deeper strata are relatwcly low m hydrauhc conductmty Based on the 
geolopc descnphon of the unweathered claystones at thts site it IS currently beheved that the downward flow 
of groundwater through the claystones wdl be lmpeded by the low hydrauhc conductmty of these deposits 
The groundwater flow rates through the claystone are expected to depend p n m d y  on the degree of 
weathenng or fractunag (I e secondary hydraullc condudwty) rather than on the porosity and permeabhty 
m the pore spaces between tndtwdual sod partdes (ie pnmary effectwe porosity and hydrauhc 
conducmty) a 
2 1 3  Surface Water Hydrology 

2 1 3 1  Sout h Walnut Cree k 

The headwaters of South Walnut Creek were filled dunng construdon of Plant fadhes The dramage from 
the Central Avenue area between the 903 Pad Area and the Mound Area IS dwerted mto a large drameter 
corrugated metal pipe that dwharges mto South Walnut Creek beneath a penmeter access road 
embankment outside of the Penmeter Security Zone (PSZ) 

A second culvert IS a large dameter concrete culvert that d ~ ~ e r t s  storm flows from the area cast of Butldmg 
991 urlthm the PSZ to South Walnut Creek Thts concrete culvert also hcharges beneath the penmeter 
access road and mto the South Walnut Creek dramage 

A thud culvert drverts flows from the western part of the PSZ to a pomt downstream of the two culverts 
desmbed above The thwd culvert termmates near the sewage plant dudmrge channel m South Walnut 
Creek The combmed flows, typically less than 10 gallons per m u t e  (gpm) based on flow data from the 
fvst three quarters of 1989 then enter the South Walnut Creek retenhon pond system Below the retenhon 
ponds South Walnut Creek J O ~  North Walnut Creek and an urwuned tnbutary wthm the buffer zone 
before flowmg mto Great Western Reservov located approxlmately one mde east of t h ~ ~  confluence 
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The South Walnut Creek retenhon pond system consists of five ponds (B 1 B 2, B 3 B-4 and B 5) that 
retam surface water runoff and Plant &charges for momtomg and evaluahon before downstream release 
of these waters The South Walnut Creek dramage IS located u1 Operable Umt 6 whch IS just north of 
Operable Umt 2 Ponds B 1 and B 2 are reserved for spa control, surface water runoff or treated w t a r y  
waste of unknown q d t y  and Pond B 3 IS a holdtng pond for samtary sewage treatment plant effluent In 
the past the normal &charge of Pond B 3 was to a spray system located m the vlclIllty of the East 
Trenches The spray system has ceased opera- smce then Ponds B-4 and B 5 receive surface water 
runoff from the central pomon of the Plant and occasional &charges from Pond B 3 The surface water 
runoff received by Pond B-4 IS collected by the Central Avenue Ditch and upper reaches of South Walnut 
Creek Ths d u d e s  storm runoff dverted vla the two large &meter culverts The &charge of Pond B 5 
is currently released to retention Pond A-4 located m the North Walnut Creek dramage 

2 13.2 Woman Creek 

Woman Creek is located south of the Plant wth headwaters m largely unhturbed Rocky Flats Alluwum 
Runoff from the southern part of the Plant IS collected m the South Interceptor Ditch located due north of 
the creek and detvered to Pond C 2 Pond C 1 (upstream of C 2) receives stream flow from Woman Creek 
The Woman Creek dramage is located m Operable Umt Number 5 whtch IS just south of Operable Umt 
Number 2 The dmharge from Pond C 1 IS dwerted around Pond C 2 mto the Woman Creek channel 
downstream Water m Pond C 2 was prevlously &charged to Woman Creek m accordance wth the Plant 
"DES permit (Discharge Pomt 007) but IS not currently bemg &charged Future plans call for a transfer 
of water from Pond C 2 to the South Walnut Creek Retenbon Pond B 5 

0 

Flow m Woman Creek and the South Interceptor Ditch IS mtermittent it appears and &appears along 

vanous reaches Durmg the 3986 mhal site charactemahon, measurable flow occurred at less than one half 
of the ten stations located along Woman Creek and the South Interceptor Ditch (Rockwell Internahonal 
1986e) All recorded flows were less than ten gallons per mmute Durrng the 1986 and 1987 mveshgahons 
there was no surface flow m Woman Creek downstream of Pond C 2 The mtermittent surface water flow 
observed m Woman Creek and the South Interceptor Ditch may mdute groundwater d low and outflow 

2.2 NATURE AND EXTENT OF CONTAMINATION 

22 1 Introduction 

The description of the nature and extent of contammahon presented m thu Subsedon 1s based on data 
obtamed from the Rocky Flats Enwonmental Database System (RFEDS) supplted by EG%G Most of the 
data were presented m the alluwal work plan, however the RFEDS contams some data collected and/or 
vahdated smce preparahon of the alluvial work plan Background data bus sed  m Subsectton 2 2 2 were 
taken from the Background Geochemical Charactermbon Report for 1989 (EG&G 199Od) 0 
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Currently avadable vahdated bedrock and bedrock groundwater analyucal chermstry data are relatively few 
m number and are mufficlent to draw defitubve conclusions concemmg the presence or absence of 
contammahon Vahdated data are identdied m the data summary tables m Appendm B by a V (vahdated 
and vahd) an R (vahdated and rejected) or an A (valtdated and acceptable wth qualfcations) J mdlcates 
that data are present but below the detecbon h i t  The code B mckcates that contammabon was detected 
m the blank for thls sample 

Most of the avadable analytml chemlstry data have not been valtdated Data collected pnor to 1989 were 
collected under less strqent QA/QC protocols than are currently rn place Suffiuent documentahon ts not 
avadable to vahdate the data accordmg to EPA data vahdabon gutdeltnes It IS therefore not antmpated 
that ths pre 1989 data d be vahdated m the future More recent data that had not been vahdated at the 
tlme of work plan preparation are currently bemg vahdated or have recently been vahdated and d be 
avadable LO the near future 

Only a few orgamc and metal sample results have been vahdated Relabvely hgh levels of several 
contammants have been observed m the unvahdated data and occasionally m valtdated data Most of the 
m m u m  contammant levels identrGed m the bedrock are unvaltdated and therefore the quahty of these 
data is unknown The unvahdated data have been mcluded m th work plan and uthzed for planxung 
because wthout the use of these data, there would be a very h i t e d  basts for malung mhal demions from 
a chemical contammation standpornt m determmg locabons of wells and boreholes Data collected d w g  
the Phase I1 RFI/RI alluvlal and bedrock sampllng efforts may prowde some mrllcabon of the rehabhty of 
the unvahdated data 

a 

222 Background Characterlzatron 

222 1 Introduction 

To facllttate the mterpretahon of chemical results obtiuned dunng RFI/RIs a background charactemahon 
program was mplemented to define the spabal and temporal vanabhty of naturally occurring conshtuents 
Field work was conducted m 1989 and a draft Background Geochemcal Characternabon Report was 

prepared and submitted to the regulatory agenues on December 15 1989 (Rockweu Internahonal 1989e) 
The report was recently f m b d  and a Background Geochemical Characternahon Report for 1989 was 
issued m December 1990 (EG&G 1990d) These documents summarize the background data for 
groundwater surface water sedments and geolog~c matenals, and identdy statrshcal boundanes of 
background vanabhty based on the avadable data Spatd vanauons III the chermstiy of geolop matenals 
and water were addressed by sampltng locahons throughout background areas at the Plant The samplmg 
well locations were pnmardy m the Northern and Southern Buffer Zones of the Plaut The goal of 
evaluatmg temporal vanauons m groundwater chemstry has not yet been aheved because a m m u m  of 
two years of quarterly data IS needed Ad&honally not all parameters were measured for every well m every @ 
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‘ e  
quarter The background report 1s vlewed as a Itvmg document whxh wrll contrnue to evolve as addmonal 
background data are collected Adhbonal background well locabons and statsbcal approaches to evaluatrng 
the data may also be evaluated m the future To date the background geochermcal charactemabon of the 
Plant has concentrated on the sod, bedrock and groundwater m the upper HSU However for the purpose 
of ths work plan mformabon from the Background Geochemcal Charactemabon Report for 1989 (EG&G 
1990d) has been used to prehmanly charactem morgamc contammabon m Operable Untt 2 bedrock 

The boundary of background vanabhty m the Background Geochemcal Charactenzabon Report for 1989 
was q u a n ~ e d  through the calculabon of statsbcal tolerance mtervals ass- a normal or log normal 
dstnbuhon for chermcals that have greater than 50 percent detectable concentrabons and a mlnrmum of four 
detectable concentrahons If a p e n  consbtuent s concentrabon was normally dlstnbuted, a normal tolerance 
mterval was calculated Log normal tolerance mtervals were calculated for log normally bmbuted data 
The mllzllIlum and maximum detected values or the upper and lower huts of the tolerance mterval for each 
analyzed parameter m background groundwater surface water sedment and geologrc samples are provlded 
m the Background Geochemcal Charactembon Report for 1989 Addrbonal stabbcs prowded m the 
report mclude the mean, standard dewation, sample slze and percent of samples with detected results 
Mlvumum detected values are prowded for each naturally occumng chermcal consbtuent where there were 
msufficient data to calculate tolerance mtervals Thu occurred when there was an m a a e n t  number of 
samples or an lnsuffiaent number of detectable concentrations for a p e n  chermcal consbtuent A summary 
of the upper and lower h i t s  of the tolerance mterval or mumum and m m u m  detected values m 
groundwater for metals other morgmcs and radtonuchdes IS provlded for the weathered claystone the 
weathered sandstone and the unweathered sandstone m Appendm B Tables B lA through B lE Tables 
B 2A through B 2D and Tables B 3A through B 3E Background dormabon on the unweathered claystone 
is very h i t e d  smce unweathered claystone wells frequently do not produce sufiiuent water for samphg 
Tables B 4A B-4B and B 4C prowde mformabon on well deswabons and Ittholopes screened by the wells 
A hscussion of the stahshcal methods employed and rabonale for theu use fs p e n  m the Background 
Chemical Characterrzation Report for 1989 (EG&G 1990d) A more detaded descnpbon of these 
procedures is prowded m EPA/530/SW/89/026 Statsbcal Analyss of Groundwater Moxutonng Data at 
RCRA Fadties Intern Fmal (U S EPA 19899 

The background sampllng stabons are assmated wth one of three dramage basins Rock Creek, Walnut 
Creek and Woman Creek The Walnut Creek and Rock Creek dramage bauns were combmed to create 
a North Rocky Flats spabal vanable whde the Woman Creek dramage basm forms the South Rocky Flats 
spatial vanable The north south groundwater boundary 1s defined as the hydrologrc groundwater drvlde 
between the Walnut and Woman Creek dramages North and South Rocky Flats are s d a r  111 groundwater 
geochemrstry for all analytes except chlonde For ths reason, chlonde results are presented separately for 
North and South Rocky Flats whde all other consbtuents are presented with North and South Rocky Flats 
data combmed 0 
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2222 Ornanicp 

Background samples were not analyzed for EPA Contract Laboratory Program (CLP) Target Compound 
List (TCL) orgwcs because orgmcs are assumed not to be present m background areas Vabdated results 
of a sample analys~~ that are above the method detechon h u t  d be considered to represent potenhal 
contammahon and adQhonal data d be collected at that locahon (I e resampltng) to evaluate whether 
the groundwater IS actually contammated at that locahon or If the analyss results may contam lab errors or 
artlfacts 

2323 InornanrcS 

To assess the presence of morgaxuc contammabon rn Operable Umt 2, site speclfic chemical data Wrll be 
compared to the background tolerance mtervals determmed by the ongomg background geochemical 
charactermition Ths dormahon wd gude borehole and momtonng well placement plans Smce the 95 
percent confidence level IS b e q  u-d, it can be expected that approxlmately 5 percent of the tune 
conshtuent concentrahons d be found to exceed the upper tolerance level even when contammhon IS not 
present Therefore resamphg wdl be necessary to confirm the presence of contammahon when the upper 
tolerance level is exceeded 0 
Avadable background dormahon on the weathered claystone weathered sandstone and unweathered 
sandstone IS provlded for morgmcs m Tables B L4, B 2A, and B 3A (metals) and B lB B 1C B lD B 2B 
B 2C B 3B B 3C and B 3D (non metahc morgantcs) The background data generally mdmte that 
uncontammated groundwater mthtn the deeper confined (lower HSU) sandstones can be dsmgushed from 
that m the unconfined (upper HSU) sandstones and alluwwn by the presence of Iugher concentrahons of 
sod~um and potassium and to a lesser extent sulfate and chlonde m water wthm the lower HSU 
sandstones Compartson of concentrahons m the Operable Umt 2 groundwater mth ARARs IS presented 
III Section 3 0 

222 4 Radronuclrda 

Radronuchdes are analyzed by countmg sub atomic partde e m i o n s  Smce the countmg of rahoactwe 
dlsmtegration is a process that may be evaluated stattshcally usmg a probabhty dutnbuhon, results are 
reported as a measured value w ~ t h  an assoaated two standard dembon propagated cuuntmg error term 
mdxated m parentheses unmehately f o l l o w  the measured value For the purposes of tlus plan, the 
boundanes of the background range for radlonuchdes 1s based on the tolerance mterval values presented 
in the Background Geochemical Charactembon Report for 1989 and contamed rn Tables B E, B 2D and 
B 3E However it should be noted that the computatron of tolerance mtervals for radtonuchdes h d  not 
account for the error term assouated wth each analysls value reported It 1s noted that the upper h i t s  of 
the tolerance mtervals are sundar m magmtude to the maxunwn concentrahons observed for the background I) 
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data set For &cussions on radochemcal countmg statstics and the handlmg of mmmum detectable 
actmhes and zero and negatwe values, the reader IS referred to Gdbert and Kuuuson (1981) h p e  (1977) 
and Nattonal Cound on RaQaUon Protechon and Measurements (NCRP) Report No 58 (1978) I 

223 Groundwater 

The 903 Pad, Mound, and East Trenches areas located on the east side of the Rocky Flats Plant secunty 
area, were selected for mvestqabon because of thew suspected relabonshrp to groundwater contammahon 
Based on emtmg results CCI, PCE and TCE are the pmary volat.de organtc contnmlnants found m the 
upper HSU at these areas Trace elements occasionally exceedmg background levels 11p the upper HSU 
d u d e  bmum copper mckel, manganese and mc Also major amom and total dwsolved sohds are 
elevated above background m the upper HSU throughout and downgradent of the 903 Pad, Mound, and 
East Trenches areas RaQonuchde levels are generally wthm the tolerance h t s  for the background 
groundwater data but a few samples mQcate rmtlllllum detectable amounts of plutomum and amenaum 
m the w m t y  of the 903 Pad and possibly north of the Mound 

There are 20 exlstrng wells m the 903 Pad, Mound, and East Trenches areas that are screened entrrely urlth 

depth mtervals beheved to represent the lower (bedrock) HSU(s) (1 e below the conceptual boundary shown 
~ t l  Figure 1 1) Analytical data are avadable for twelve of these we& Of these twelve lower HSU wells wth 

analytical data one of them Well 1487BR may be more representatwe of upper HSU groundwater 
chemlstry smce it 1s screened m weathered, subcroppmg Arapahoe Sandstone No 5 at relatwely shallow 
depth Slmllarly Wells 1287BR and 6286 are screened entvely m bedrock but are probably more 
representative of groundwater chemuitry of the upper HSU than of the lower HSU They are both relatwely 
shallow and have the tops of thew screens 1 5 to 3 feet below the bedrock surface These two wells are 
considered to be upper HSU wells smce they are not enmely screened more than 5 feet mto the bedrock 

e 

Samples collected from lower HSU wells contam winous concentrabons of orgamc, morgaruc and raQoactwe 
constituents The screened mtervals for these wells range from relamely shallow (Well 1487BR 19 24 feet) 
to relatively deep (Well 2887 BR 187 197 feet) Although the currently adable  bedrock groundwater data 

are lunrted, it generally appears that contammatton m the deeper zones of bedrock are m the same general 
areas as the maMmum contammant concentrahons m the upper HSU (1 e the area east of the 903 Pad, the 
area southeast and east of the Mound Area, and the East Trenches Area) 

Areas where concentrations of contamlaants m the upper HSU were relattvely low or not present also 
tended to have lower or non detectable levels of contamlnsnts m the lower HSU Figures 2 21 through 2 23 
show plumes identdled by the Phase I RI for the primary orgamc contauunants ~ 1 1  the upper HSU 
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2231 Drea nic Cornnoun& 

The pnmary contammants identrtied m the upper HSU [the volatde orgmc speues carbon tetrachlonde 
(CCl,) tetrachloroethylene (PCE) and tnchloroethylene (TCE)] are relahvely mobde and, therefore more 
Uely to mlgrate mto the lower HSU(s) than many morgamc compounds Therefore volat.de orgamc 
contammants are beheved to have a greater potenhal to be present m the lower HSU(s) than morgamc 
contammants 

Most of the vahdated groundwater analfical results for detected volat.de orgamc compounds m the lower 
HSU(s) are below or only shghtly h&er than the reportug huts requued by the EPA Contract Laboratory 
Program In many cases the detected orgamc compounds are also common laboratory contammants that 
appeared m the laboratory method blanks However lugher levels of several organtc contarmnants such 
as tnchloroethane ( T U )  and TCE have been idenMied m the unvabdated results (Table B 5) 

Samples collected from Well 3687BR whch IS screened m the Arapahoe Sandstone No 1 and located 
northeast of IHSS 111 1 contamed 1 1 Qchloroethylene (1 1 DCE) 1,2 Qchloroethylene (1 2 DCE) 
2 hexanone 1 1 mchloroethane and toluene 1 1 DCE was also reported m Well 1587 and 1 2  DCE was 
reported on one occasion m Well 2587BR Only four wells screened m depth mtervals bebeved to represent 
the lower HSU(s) were found to contam volatde orgamc compounds These results are unvaltdated PCE 
was found m wells 1887BR and 2087BR both of w h d  are screened m lower sandstones The 
concentrabons were 16 pg/l m Well 1887BR screened m the Arapahoe Formatton Sandstone No 4 and 
as iugh as 140 pg/l m well 2087BR screened m the Arapahoe Formabon Sandstone No 3 These two wells 
are located m the eastern pornon of the Mound Area Less than 10 pg/1 of methylene chlonde was 
measured m Well 3487BR and 18 pg/l of TCE was measured m well 4086 Both of these wells are screened 
m unweathered claystone m the east portton of the East Trenches Area 

Well 1487BR IS considered a lower HSU well by the mtem used to dutmgush the upper from the lower 
HSU m this work plan However as &cussed above m Subsectron 2 2 3 ana.lyUcal chemstry results from 
ths well may not be representatwe of the lower HSU groundwater chermstry smce it 1s screened m 
weathered subcroppmg sandstone at relatwely shallow depth (19 to 24 feet) “hIS well may be hydrologdly 
connected to the upper HSU 
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' 0  
Carbon Tetrachloride 

Based on unvahdated data, carbon tetrachlonde (CCl,) was found as a clssolved umshtuent m groundwater 
from four wells m the upper HSU The dwolved 
contammant plume m the upper HSU was defined m the Phase II AlluMal Work Plan and 1s shown 1 ~ 1  

Figure 2 21 The m e s t  values found m the upper HSU were m 1587 (4305 pg/l) and m7BR (3673 pg/l) 
Both are located to the east of the 903 Pad Area Wells 2587BR and 3687BR are screened at deeper 
mtervals m the upper HSU (18 to 44 feet and 19 to 63 feet respectwely) m the Arapahoe Formabon 
Sandstone No 1 

1587 1287BR 2587BR and 3687BR (Table B 5) 

With the excephon of Well 1487BR whch may be hydrolopcaUy connected to the upper HSU CCl, was 
generally not found m lower HSU wells However an estmated value of 1 ppb was recorded for bedrock 
Well 2387BR located at the south central pornon of the Mound Area, m August 1989 'Ilus value 1s well 
below the method detecbon h u t  and 1s an solated mudent that when vahdated may receive addmonal 
quNiers or may result m a Merent mterpretabon as to its s@cance 

Tetrachloroethvlene (PCE) 

The Phase I RI mdxates the Mound Area appears to be a source of PCE contarmnatlon (Fqyre 2 22) A 

plume of PCE m the upper HSU wth maxmum concentrabons greater than 100 pg/l extends east and 
northeast from the Mound Area to Well 3687 

0 

PCE was detected m Well 2387BR dunng the fist  (3 c(g/l(J)) and thud (1 pg/l(J)) quarters of 1989 
although the concentrations were considerably lower than m wells toward the east end of the Mound Area 
The detected values are below the method detecbon b i t  for PCE and should be constdered suspect smce 
the results are unvddated Tius well 1s screened m Arapahoe Formatton Sandstone No 1 

PCE (140 c(g/l) was also noted m Well 2Q87BR whch 1s located at the east end of IHSS 113 and m well 
1887BR (16 pg/l) located at the southeast comer of Mound Area The screened depth mterval for Well 
2087BR 1s from 107 to 116 feet wtuch IS m the Arapahoe Formatton Sandstone No 3 and the screened 
depth mterval for Well 1887BR IS from 127 to W feet, whch 1s m the Arapahoe Formabon Sandstone 
No 4 Ths h d m g  may suggest that some vemcal mwatton has occurred, or that the well annulus 1s not 
well sealed Alternatwely it could mdmte lateral nugatton of contammabon fiom an upgrahent source 
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Trichloruethvlene tTCEl 

The dutribuhon of TCE shown m the alluvlal work plan ( F w e  2 23) m&cates concentrahons rangrng up 
to 200 OOO pg/l (Table B 5) m wells screened m the upper HSU S@cant concentrauons of TCE were 
measured m upper HSU Wells 1587 l287BR 2587BR and 3687BR wth 3687BR h a m  concentrahons of 
49000 12OOO and 18OOO pg/l over the first thud, and fourth quarter samphg events of 1989 respectively 
In the lower HSU(s) solated Occurrences of TCE have been documented m 4086 BR and 3487BR both 
screened at depths of approlamately 100 feet m unweathered claystone (18 pg/l and 3pg/l (J) 1pg/1 (J) 
respectively) However it should be noted that these values are near or below the method detemon h i t  
and the results are unvahdated Vahdabon of these results could result m qualdicahon of the data as non 
detects As wth CCl, TCE has been detected m Well 1487BR whch may by hydrolopally connected to 
the upper HSU 

Other Volatile Ornanic Corn- 

Other volade orgmc contarmnants reported m groundwater samples from the deeper bedrock were toluene 
chloroform acetone methylene chlonde and carbon bulfide Toluene was found m Wells 4086 3487BR 
1887BR and 4587BR All values were low and were found m the blanks as well The lughest value 5 pg/l 
(BAA) was from Well 1887BR (Table B 5) Chloroform acetone and methylene chlonde were present m 
many of the wells All three of these compounds are common laboratory contammants and many of the 
reported values were near or below the analflcal detecuon h i t s  and many of the laboratory blanks also 

contamed these compounds Carbon &&de was detected only m Well 4587BR Valdahon of these data 
may well result 111 qualdicahon of most of these values as non detects VaMabon of wustmg data and 
addltional samplq are needed to resolve whether or not these compounds are present m the bedrock 
None of the other organtc contarmnants reported 111 the upper HSU were detected m the deeper bedrock 

2232 Radionuclideg 

The radlonuchde data were found not to have been vahdated and, therefore should be used only to p d e  
the placement of addhonal samplq locahons The mterpretahon of the radtonuctde results was conducted 
111 the same manner as they were ILL the Phase II Auuvlal Work Plan In general, data from the m e  lower 
HSU wells wth data m&cate ra&onuctdes do not exceed reported background levels however data are not 
sufficient to draw 6rm conclusions about the presence or absence of ra&onuctde mtammahon m the 
bedrock groundwater In a few cases where background levels appear to be exceeded, the error terms 
associated wth the reported values are near the reported values and it as therefore uncertrun whether or not 
background levels were actually exceeded 
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Results from Well 2387BR were the most elevated for plutomum 239 240 (0 07kO 05 pCi/1) and from Well 
2287BR for amenuum 241 (0 11 fO 08 pCi/1) (Table 2 7) These are bedrock wells however the top of the 
screen M Well 6286 IS only 3 feet below the bedrock surface Stronhum 89 and 90 were detected M Wells 
4587 BR (0 60f0.52 pCi/1) and 6286 (3 Of0 4 pCi/I) Radlum was also detected m 4587 BR dunng the 
second quarter of 1989 Ra&um was not detected m prewous or subsequent samples Cesium 137 was 
reported III only SIX of the samples from lower HSU web wth the tughest level be- 03f0.5 pCi/1 (Well 
6286) The values for plutomum 239 and 240 and ces~um 137 have error terms greater than the analyt~cal 
value and should be considered as not exceedmg background The error terms for the other radlonuchdes 
b e d  above are also nearly as large as the reported concentrahons therefore, the s@cance of those 
reported concentrattons 1s also quest~onable 

Well 4587BR located southwest of the 903 Pad Area, comstently had gross beta values above background 
(Table B 6) w~th the iughest bemg lUfUpCi/I Thu well IS screened at depths of 90-101 feet m the 
Arapahoe Formabon Sandstone No 5 Wells 1887BR and U)87BR M the waruty of the Mound Area each 
had a smgle gross beta value above background 

Values above background were found m Well l2.87BR for uran~um 238 These values rqnged from 18 9 f3 1 
pCi/1 to 28f2 pCi/1 The screen mterval for &IS well IS at depths 5 11 feet m weathered claystone wth 
the top of the screen only 1 5 feet below the bedrock surface 

To summarue the extent of radonuchdes m the bedrock IS not well defined However elevated gross beta 
values appear to occur m Well 4587BR wiuch IS screened M the Arapahoe Sandstone Formahon No 5 
W e  there IS no f m  evldence of rahonuchde contammahon m the bedrock, the avadable data are k i t e d  
and the data are unvabdated For these reasons, it cannot be concluded whether or not bedrock 
radonuchde contammatton em& at the present tune The presence or absence of radlonuchde 
contammation wdl be evaluated dunag &IS Phase II RFI/RI 

2333 Metals 

The majonty of the d~ssolved morgamc elements data Fables 2- B and C) that had been vahdated were 
at or near the detection k i t s  Unvahdated data mdcate metal concentrahons wrccedmg background levels 
111 the upper HSU m Operable Umt 2 mclude banum copper ruckel, manganese and m c  

W i b  Operable Umt 2, the wells wth the w e s t  conctntrahons of ~ISSOM morgamc elements were m 
the 903 Pad Area Sdver antunony arsexuc, banum mercury cabum seleruum berytllum lead, and 
chromium were at thew maxlILlum values (see Tables B 7 4  B 7B and B 7C) m wells assmated wtb the 
903 Pad however avadable data are not suffiaent to confirm the presence or absence of contammahon 
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In general, elevated metal concentrabons were not detected ID bedrock wells however avatlable data are 
not sufficient to c o h  the presence or absence of contammatton Well 6286BR whch 1s screened at 
depths 25 to 35 feet ID the Arapahoe Formabon Sandstone No 3 had the w e s t  values for mercury 
cadmium and selemum 0 OOO8 mg/l, 0 009 mg/l, and 0 0710 mg/l, respectrvely However the top of the 
screen ID thIS well 1s only 3 feet below the bedrock surface and may therefore be hydrauhdy connected 
to the upper HSU All values were unddated except for two seleruum values, 00616 mg/l and 00565 
mg/L whch have been &dated (Table B 7C) 

W i t h  Operable Umt 2, samples from wells ID the East Trenches Area had the w e s t  reported values for 
won h h u m  molybdenum andmanganese 

2 2 3 4  ,Malo r JonS 

Data (Table B 8) lndrcate that the lower sandstones have hrgher concentrabons of sulfates chlonde and TDS 
than were found ID groundwater m the upper HSU The data from the momtomg wells screened ID the 
bedrock ID Operable Urut 2 generally show the reverse of thIS trend Major ions tend to be more elevated 
ID shallow wells than ln deeper wells The s@icance of this trend wdl be more fully explored dunng thIS 
Phase I1 RFI/RI 0 
2 3 4  Bedrock 

Analytical chemistry testmg was conducted on samples of the bedrock collected dunng the Phase 1 RI Data 
reported here are from boreholes M e d  mto the bedrock wth samples collected at or below the 
alluwal/bedrock mterface Borehole summary dormatton 1s shown m Table 2 1 

The majority of metal concentrabons m bedrock samples were below either the reported background 
(Rockwell Internabonal1989e) for those fonnabons or at the analyt~cal method detectm huts A stngle 
sample from BH2587 contamed 20 mg/kg arsemc above the background level of 15 mg/kg No radtonucltde 
values reported for these samples were above the background levels However there 1s not adequate 
mformation from ems- sod data to determrne If the deeper bedrock 1s contammated wlth metals or 
radonuchdes 

The only boreholes wth vo1at.de orgamc compounds reported at or below the alluvlal/bedrock mterface were 
BH 2587 BH3187 and BH5087 (Table B 9) The BH2587 sample collected at the 19 7 20.5 foot mterval 
contamed toluene methylene chlonde acetone TCE, PCE 2 butanone and 1 1 1 tnchloroethane (TU) 
The depths above the 19 7 20.5 ft mterval also showed htgher concentrabon of these compounds as well as 
ethyl benzene emethyl 2 pentanone xylene and chloroform The alluwum/bedrock contact was at depth 
14 8 feet m thIS borehole BH3187 at the 15 7 foot to 22 9 foot depth contamed methylene chlonde acetone 
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and 1 2  Qchloropropene whle BH5087 at the 1 
Qchloropropene 

to 185foot depth contamed acetone an1 12  

Low levels of methylene chlonde acetone and chloroform were found m numerous samples from many 
boreholes However these compounds are common laboratory contaminants These compounds are also 
frequently found III laboratory blanks 

Semi volatde orgmc compounds were observed m a number of boreholes (Table B 10) W e  most 
phthalate compounds are laboratory contammants, one borehole (BH 3387) had a vahdated concentrahon 
of 240 ppb whch 1s high for laboratory contammahon Thrs borehole 1s located near the Mound 011 Burn 
Pit and trench T 1 sites 

There is not adequate dormahon from ems- sod data to determme rf the deeper bedrock IS contammated 
wth orgamc compounds 

23 CONCEPTUAL MODEL 

A site conceptual model was developed to dlustrate how mntammahon may be drspersed to the enwonment 
vla potential pathways identrfied m the Phase I RI report and dunng Phase II RFI/RI plann~ng The 
conceptual model IS shown graphcally 111 Figure 2 24 The mterreiattonshps between the upper and lower 
hydrostratgraphc untts (HSUs) and between Operable Umt 2 and adjacent operable wts are depicted m 
thu figure 

Thu conceptual model was used to asslst m identrfylng sampllng needs and wdl be further used for the 
basehe nsk assessment AddIttonal data wdl be obtamed to refine mk assessment calculahons and to 
conduct the Feasibhty Study (FS) 

23 1 Bedrock Contaminatron Sources 

Potential sources of contammahon m bedrock have been dmded mto 3 general categones (1) plumes of 
d~ssolved (aqueous phase) contammants m the upper HSU (2) pools or pockets of non aqueous phase hqurd 
contammants near the bottom of the upper HSU and (3) umdentdied off site sources located 
topographcally and/or hydraultcally upgradIent of the Ute 

At present the pnmary contammants identdied m the bedrock are aqueous phase Crrchloroethylene (TCE) 
and tetrachloroethylene (PCE) Plumes of these volat.de 0-c contamrnants and carbon tetrachlonde 
(CCl,) d~ssolved m groundwater were identdkd 111 the upper HSU dumg the Phase I RI Other volat.de 
and semivolatde orgmcs and morgmcs have also been i d e n ~ e d  m the upper HSU but, for the most part 
have not been identrfied 111 the bedrock The three pnmary volat.de organtc contauunants are all able to emt 
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as dense non aqueous phase hquds at concentrahons above then concentrahon of saturahon m water In 
the unllkely event they are present on site pools of dense non aqueous phase hquds could accumulate m 
depressions at the bottom of the upper HSU However of the many momtomg wells and boreholes that 
have been M e d  at Rocky Flats there have never been reports of non aqueous phase hqwds found m wells 

It is not known f there are potenhal sources of bedrock contammahon that are located upgradlent of 
Operable Umt 2 The bedrock beneath Operable Umt 1 (881 )fillside) has not been charactenzed 
suff;clently to determme whether or not it 1s a potenbal source of contanunatron that may contnbute to the 
bedrock system m Operable Umt 2 

23.2 Release Mechanisms 

There 1s a potenhal for contammants m the upper HSU to have mpacted the bedrock system There are 
SIX pre 1986 momtomg wells that have been tdentrfted m Operable Umt 2 These wells (Well Nos 171 271 
174 374 774 and 2274) were constructed m 1971 and 1974 D e w  demk of these wells are not avadable 
other than estmates of total depth The first five of these SIX wells range from approxunately 24 to 50 feet 
in depth However Well 2274 IS 162 feet deep and may penetrate lower sandstone layers These wells 
represent potential release mecharusms from the upper HSU to lower HSU(s) either by long screened 
mtervals or meffective seals 

Contammated groundwater m the upper HSU may also potenhally enter lower sandstones where they 
subcrop beneath the colluvlum on the valley side slopes (see F p e  2 24) “hIS may be the situahon at Well 
1487BR Another potenhal mechaxusm of release mto bedrock IS by percolahon through fractures m the 
weathered and unweathered claystone bedrock downward to a lower sandstone layer f such fractures exst 
Ths release mechaxusm IS judged to have a low probabhty at thrs tune as a result of the low hydrauhc 
conductiwty values reported m the unweathered claystone w t s  

233 Potential Exposure Pathways 

The pnmary potenhal pathways for rmgrahon of contamtnants through groundwater flow rn bedrock to 

potential receptors are by seepage to surface waters, pump- from water supply wells that tap the affected 
groundwater downgradlent of the ate and contammabon of surface water by the mteraaon of surface water 
and groundwater Secondary potenhal exposure pathways may occur through wmd cllspersal of contammated 
dust or sod gas resultmg from the seepage of contammated groundwater and subsequent drying at outcrop 
areas 
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2 3 4  Receptors 

There may be ddferent potenhal receptor populahons exposed vlii each of the potenhal exposure pathways 
descnbed above For each pathway there are three potenhal mtake routes mgeshon, mhalahon, and dermal 
contact Biota may be present at 
downgradient or downwmd of seep locahons 

Potenhal receptors of groundwater contarnutahon are human 

235 Summary 

The elements of the site conceptual model descnbed above are shown m Figure 2-24 "b figure depicts 

the potenhal sources of contammatron mechamsms of contammant release exposure pathways and pnmary 
receptors The model as pictured 1s based on an evaluabon of avadable Phase I RFI/RI data and postulated 
exposure pathways not yet proven As addihonal mformahon 1s obtamed, the overall model and speafic 
portions of the model (for example the confined groundwater flow r e p e )  may be refmed or expanded to 
address mk assessment s u e s  

The Basehe Rlsk Assessment for both upper and lower HSUs wdl be combmcd for the RI Report The 
Phase I1 RFI/RI Alluwal Work Plan descllbes how thu 1s to be done 
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3 0  
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

Ths secbon prowdes a preluIunary identrficahon of chemcal spedc  appbcable or relevant and appropnate 
requuements (ARARs) for groundwater m the lower (confined) HSU(s) at Operable Umt 2 so that 
appropriate analyt~cal detectron hits are used d m g  the RFI/RI Identdicatron of detecbon h i t s  IS 
necessary to allow evaluation of compbance wth ARARs m the CMS/FS Report As desmbed m 
Subsection 3 2 evaluation and estabhhment of locabon speclfic ARARs are part of the RI process and d 
be addressed m the RFI/RI Report Fmal chemical speclfic ARAR determmatrons unll also be addressed 
m the RFI/RI Report Identlficabon of actron speufic ARARs and remedsabon goals s part of the 
feasibhty study process and unll be addressed m the CMS/FS Report 

3 1  THEARARBASIS 

The bass for ARARs IS cited m Section l21(d) of CERCJA as amended by the Superfund Amendments 
and Reauthornation Act of 1986 (SARA) whch reqwes that Fund financed, enforcement and federal 
facihty remedial actions comply wlth apphcable or relevant and appropnate federal laws or promulgated state 
laws whichever IS more strmgent For the purposes of identrficabon and notdicabon of promulgated state 
standards the term promulgated means that the standards are of general appbcabhty and are legally 
enforceable (National Contqency Plan [NCP] 40 CFR 300 4OO(g)(4)) 

Health based chemical speclfic ARARs pertment to ground water qualrty have been identdied for the EPA 
Contract Laboratory Program (CLP) Target Compound Lst (TCL) organrc and Target Analyte Lst  (TAL) 
morgamc compounds as well as radonuctdes and conventional pollutants that were detected The chemical 
specdic ARARs are denved pmanly from federal and state health and enwonmental statutes and 
regulations As &cussed below m some instances these standards are classified as items to be considered 

(TBC) A summary of chemical speclfic ARARs for the contarmnants found at the 903 Pad, Mound and 
East Trenches areas IS presented m Table 3 1 

The parameters for whch proposed ARARs are identdied are complled from maxmum concentrabons 
above detection h i t s  m bedrock groundwater wells wthm Operable Umt 2 However the same appltcabon 
of ARARs pertam to both the upper and lower hydrostratqraphc uxuts ( d u d  and bedrock groundwater) 
due to the potential cross connectron of the two umts A common hst of parameters wrll be analyzed for 
both hydrostratqgraphc uxuts (see Sectmn 8 0 Field Sampbg Plan) 

Chemical speclfic ARARs do not currently uust for sods As the remedal mvestqahon proceeds 
mformation d become avadable from the nsk assessment whch wdl allow a determmabon of acceptable 
contammant concentrahons m sods to ensure enwonmental protectiveness 
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ARARs addressmg contammants m au wdl be mcluded t11 the CMS/FS Report In general federal and 
state standards for au exist only as source or actmtyspedic requvements and accordmgly wd be 
addressed m detad d m g  the FS process 

32 THE ARAR PROCESS 

3.21 ARARs 

Apphcable requvements as defined m 40 CFR 3005 are those deanup standards standards of control 
and other substantwe requvements cntena, or hutattons promulgated under federal enwonmental or state 
enwonmental or fachty si- laws that spedicaUy address a hazardous substance pollutant contammant 
remedial action location or other urcumstance found at a CERCLA site Only those state standards that 
are identlfied by a state m a tmely manner and that are more stnngent than federal requrrements may be 
applicable Relevant and appropnate requvements also defined m 40 CFR 3005 are those cleanup 
standards standards of control, and other substantwe requrrements cntena or lunitauons promulgated 
under federal enwonmental or state enwonmental or fauhty si- laws that whtle not apphcable to a 
hazardous substance pollutant contammant remeQal action, locat~on, or other urcumstance at a CERCLA 
site address problems or situabons suffiuently s d a r  to those encountered at the CERCLA site that thew 
use is well smted to the part~cular site Only those state standards that are identdied rn a tunely manner 
and are more strmgent than federal requvements may be relevant and appropnate The most strmgent 
promulgated standards are apphed as ARAR (Preamble to NCP 55 FR 8741) 

0 

322 TBCS 

In addition to apphcable or relevant and appropnate requrrements advlsones cntena or gudance may be 
idenMied to be considered (TBC) for a parhcular release As defined m 40 CFR 300400(g)(3) the TBC 
category consists of adwsories cntena, or gwdance developed by EPA, other federal agenues or states that 
may be useful UI developmg remehes Use of TBCs IS dmreuonary rather than mandatory as IS the case 
wth apphcable or relevant and appropnate requvements 

323 ARARCategories 

In general there are three categones of ARARs These categones are 

1 

2 Location speclfc requuements 
3 

Ambient or chemical spedic requvements 

Performance desrgn, or other amon specfic requrrements 
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ARARs are generally considered to be dynamic m nature m that they evolve from general to very spec& 
m the CERCLA site cleanup process Imhally durmg the RI work plan stage probable chemical spedic 
ARARs may be identdied, usually based on a h i t e d  amount of data Chemical spedic ARARs at th~s  

pomt have me- only m that they may be used to ensure appropnate detechon h i t s  have been 
estabhshed so that data collected m the RI wdl be amenable for companson to AFWR standards It IS also 
appropriate to identlfy locabon speclfic ARARs early m the RI process so that dormatton may be gathered 
to determme d restnchons may be placed on the concentrahon of hazardous substances or on the conduct 
of an actiwty solely because it occurs m a s p e d  locahon As d~~cussed ill the mtroductory paragraph to 
flus section (3 0) detaded locahon speu6c ARARs 4 be proposed m the RFI/RI Report IdenMicahon 
of achon spedic ARARs and remedation goals IS part of the Feasibhty Study process and wdl be addressed 
m the CMS/FS Report For the proper management of mveshgabon denved wastes, as reqwed m the IAG 
Attachment 2 Statement of Work, Sectton IV DOE has developed SOPs for field mvveshgahon aawhes 
All waste generated by the vanous mvestlgahons conducted at RFP wdl follow the SOPs The SOPs sabfy 
the LAG requlrement to comply wth ARARs as they relate to mvestqphon aawtnes Th~s approach IS 
consistent wth EPA pohcy as prowded m the Draft Gmde to Management of Inves@ahon Denved Waste 
(US EPA 1991b) 

Chemical speclfic ARARs do not currently emt for sods As the remedal mveshgatton proceeds 
mformation wll become avadable from the nsk assessment whch wdl allow a determmabon of acceptable 
contammant concentrahons m sods to ensure enwonmental protectiveness 

32 4 Feasibility Study ARAR Requirements 

Development of a prehmary hst of potenbal chemical speclfic ARARs m the RI process also allows the 
estabhshment of a hst of prehmary remedabon goals m the early FS process whch IS essenhally a 
tentative hstmg of contammants together wth mhally anhapated cleanup concentrahons or nsk levels for 
each medium Prelunmary remedation goals serve to focus the development of alternahws on remedal 
technolopes that can acheve the remedahon goals, thereby h i t q  the number of alternatives to be 
considered m the detaded remedal alternatme analysls conducted later m the FS process As more 
information becomes avadable d w g  the RI stage chemical spedic ARARS may become more refmed as 
constituents are added or deleted, whch IS often the case when the RI takes place m numerous phases 
Once data collection IS complete revlsed chemical speafic ARAR seleaon may be proposed 

When the data collechon IS complete it I also appropnate to refine locabon specific ARARs whch may 
affect the development of remedal alternahves D m g  development of remedd a a o n  alternatives at the 
be-g of the FS process, a prehlnary considerahon of aaon speu6c A R A R s  wdl be conducted As 
remedial alternatives are screened dunng the FS aaon spedic ARARs wdl be identdkd When a detaded 
analysis of the remedal alternahves 1s conducted all achon spedic ARARs are refined and finahzed wth 
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respect to each alternattve before a cornpanson of altematwes begm At thts pomt a &cussion IS provlded 
m the FS report for each remedal alternattve regardtng the rahonale for all ARAR detemmattons 

33 REMEDIALACTION 

CERCLA 8121 speufidy requues attamment of all ARARs Moreover as explamed rn the preamble to 
the Nattonal Contmgency Plan (55 CFR 8741) rn order to attam all AR4Rs a rem& aaon must comply 
wth the most stmgent requuement, whch then ensures attarnment of all other ARARs Furthermore 
CERCLA requues that the remehes selected attarn ARARs and be protectrve of human health and the 
enwonment Consequently prelmmary remedmbon goals based on ARARs wdl requue m&catton as 
new mformation and data are collected m the RI mcludmg the basehe dc assessment (to be conducted) 
when ARARs are not avadable or are detemed to be madequate for proteaon of human health and the 
enwonment 

3 3  1 RemeLatron Goals 

Development of remedahon goals IS actually a po*on of the overall development of remedml adon 
objectives whch ultmately wdl defme the requued endpornt of the selected remeQal amon As stated m 
the preamble to the NCP (55 FR 87l3) remedal achon objeaves are the more general descnpbon of what 
the remedal achon wdl accomphh Remedahon goals are a subset of remedal amon objectwes and 
consist of me&um spedic or operable unit speufic chemical concentrahons that are protectwe of human 
health and the enwonment and serve as goals for the remedal amon The remedd aaon  objectms 
should spec@ (1) the contammants of concern, (2) exposure routes and receptors, and (3) an acceptable 
contammant level or range of levels for each exposure medum (le a prelmnary remedation goals) 
Accordmg to 40 CFR 300 430 (e)(2)(i) Remedahon goals shall estabhsh acceptable exposure levels that 
are protechve of human health and the enwonment and shall be developed by cowdew the followrag 

(A) ARARs (chemical speufic) and 

(1) 
(2) 
(3) 
(4) Uncertamty factors and 
(5) Other pertment dormahon 

Acceptable exposure levels for systemic tmcants, 
Acceptable exposure levels for known or suspected caranogens, 
Techmcal htattons (e g. deteaon hits )  

(B) M m u m  Contammant Levels (MCLs) 

(C) Acceptable exposure levels where multtple contammants or mulhple exposure pathways Hnll 
cause exposure at ARAR levels d result rn cumulatwe nsk rn excess of la' 
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(D) Clean Water Act (CWA) Water Qual~ty Cntena, where relevant and appropnate 

(E) A CERCLA Altematwe Concentrabon h i t  (ACL) estabhshed pursuant to CERCLA 9 
U1(d)(2) (B) (4 

(F) Enwonmental evaluahons performed to assess speafic threats to the enwonment 

Once a remedtal aaon  altematwe IS formally selected, all chemical locatton and adon speclfic ARARs 
have also been defined m final form If it IS found that the most swtable r e m d  altematwe does not meet 
an ARAR the NCP at 40 CFR 300430 (f)(l)(u)(C) prowdes for warytrs of ARARS under c e r t a ~  
mcumstances such as techcal nnpracbcabhty nsk, or rnconslstent apphcatron of state requuements 
From ths pomt the alternatlve wdl become the h a l  remedy as it IS rncorporated mto the Record of 
Deasion (ROD) Once the fmal ROD has been w e d ,  requuements may be moddied only when they are 
determmed to be apphcabie or relevant and appropnate and necessary to ensure that the remedy IS 

protective of human health and the enwonment (40 CFR 300 430(f)(l)(u)) 

3 4 OPERABLE UNIT 2 BEDROCK GROUNDWATER ARARs 

The ARARs for bedrock groundwater kited m Table 3-1 were developed usmg the M s  rabonalc 
described above and were identdled by exarrrrrrmg the followq promulgated standards 

e Safe Dr~nlung Water Act (SDWA) MCLs 
RCRA Subpart F concentratton h i t s  (40 CFR 264 94) 

3 4 1 Safe Drinking Water Act MCLs 

The NCP [55 FR 8848 40 CFR 300430 (e)] requues that m development of altemahves for final 
remehahon the followq be considered for current or potentd sources of dnnlung water attatnment of 
MCLs and attsuoment of Clean Water Act (CWA) Ambient Water Quahty Critena (AWQC) where relevant 
and appropnate Because groundwater at Operable Umt 2 IS a potentd source of drrnlung water the MCLs 
should be attamed The AWQC are not ARARs and are not considered wth respect to groundwater smce 
they are mtended for the protedon of surface water relatme to fish mgesbon and dnnlung water or only fish 
mgeshon Therefore it IS mappropnate to apply such mtena to groundwater 
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3 42 RCRA Groundwater Promon Standards 

Owners or operators of fadbes that treat store or dspose of hazardous waste must ensure that hazardous 
constituents hsted m 6 CCR (Colorado Code of Regulabons) 1007 3 and 40 CFR 261 Appendu VIII 
entemg the groundwater from a regulated untt do not exceed concentrabon Lrmts (6 CCR 1007 3 and 40 
CFR 26494) at the pomt of comphance m the uppermost aqwfer The concentrabon b i t s  mclude 
standards for 14 compounds (these standards are eqruvalent to SDWA MCLs and are identrfied at 40 CFR 
26494 Table 1) wth background or alternate concentrabon huts ( A m )  used as the standard for the 
other RCRA Appendu WI (40 CFR Part 261) cmsbtuents or Appendu IX (40 CFR Part 264) consbtuents 
(TBC background groundwater values for RCRA Subpart F are appked u s q  maxllllum concentrabons from 
background groundwater m both the alluvlal and bedrock w t s  at RFP) These concentrabon b i t s  apply 
to RCRA regulated w t s  subject to perrmttmg/closure (landfills surface impoundments waste pdes and 
land treatment wts)  that received RCRA hazardous waste after July 26 1982 As a result these RCRA 
Subpart F (40 CFR Part 264) regulabons are considered relevant and appropnate for groundwater 
remedation 

3 43 RCRA Alternate Concentration Limits 

As discussed above RCRA (40 CFR Part 264) Subpart F requtres that correctwe aaons be taken If 
hazardous consbtuents are found to emt at the pomt of comphance m excess of the establded consbtuent 
concentrations Although these consbtuent concentrabons are specifically mmpmed of RCRA Subpart F 
Table 1 consbtuents Appendu VIII (40 CFR Part 261) or Appenb IX (40 CFR Part 264) consbtuent 
background values Subpart F does provlde a mechum for vmances from these standards Accordmg to 
40 CFR 264 94@) an ACL may be estabhhed for a hazardous consbtuent If it IS determmed that attamment 
of a RCRA Subpart F Table 1 constment standard or background standard IS not necessary to ensure 
adequate protection of human health and the enwonment Furthermore EPA has stated that for potenbal 
dnnlung water sources the Agency's preference 1s to set remedabon levels that are the eqwalent of health 
based ACLs under RCRA (55 FR 8666) Therefore it 1s mappropnate to estabhh background as an 
ARAR unless it may be deterrmned through mk assessment that attarnment of background 1s necessary for 
adequate protecbon of human health and the enwonment Accordrngly hazardous consbtuent background 
values wrll be apphed as TBC untd such tune as nsk assessment mformabon mdcates some other alternatwe 
standard 1s necessary to ensure proteaveness Alternabvely when a standard ksted m 40 CFR 26494 

Table 1 has been estabhhed for a consbtuent the Table 1 standard IS considered to be relevant and 
appropnate Table 3-1 however WJU idenhfy SDWA MQs rather than RCRA 40 CFR 26494 Table 1 
standards smce the RCRA Table 1 standards are only a subset of all the SDWA MCLs 
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3 4 4 Colorado Water Quality Control Comnussion Groundwater Standards 

The Colorado Water Quahty Control Conmussion (WQCC) state wde groundwater standards are apphed 
as TBC smce they are not yet enforceable S d a r l y  smce groundwater at Rocky Flats Plant has not been 
classdied, the use spedic standards m Tables 1-4 of the WQCC Basic Standards for Groundwater at 3 11 0 
(5 CCR 1002 8) wdl also be apphed as TBC where ARARs are not adable  

Of the elements/compounds detected m groundwater at Operable Umt 2, there are no ARARs for calaum 
magnesium molybdenum potassium sodlum bicarbonate stronhum acetone methylene chlonde and 
carbon dsulfide However the Total Dlssolved Sohds (TDS) TBC estabhshes the acceptable aggregate 
concentrabon for the above major metal ions (excludmg stronbum) For the volat.de 0r-c compounds 
the RCRA (40 CFR Part 264) Subpart F standard of background (detecbon hut)  1s apphed as TBC 

3 4.5 Operable Unit 2 ARARs Summary 

Table 3 1 shows that certam volatde orgmcs metals and major ions that were analyzed have exceeded 
potential chemical spedic ARARs at some locahons wthm Operable Umt 2 Ths does not mdmte that 
releases of these conshtuents are occumng, for the concentrahons of some substances may be due to a past 
release or to natural geochemical processes The ktmg of Table 3 1 has been presented to identdy 
parameters for whch analysls should be conducted m this Phase 11 M/RI and to identdy the mumum 
acceptable detection h i t s  for analytes found m Operable Umt 2 bedrock groundwater The FS wdl evaluate 
technologes that address these consbtuents 

0 

Note that chemical data from momtonng wells 6286 and 1487BR are mcluded m both the alluwal and 
bedrock work plans for ARARs identdicahon Well 6286 IS consdered to be m the upper hydrostratigraphrc 
umt (HSU) whde Well 1487BR 1s a lower HSU well based on the HSU deheauon shown m Figure 1 1 

However both of these wells are relatively shallow wells screened m lower mtervals of weathered sandstone 
that subcrop on the U i d e  south and southeast of the 903 Pad As a result, these wells represent a 
potential cross connection between the upper and lower HSUs, as descnbcd m the Ute conceptual model 
(Figure 2 24) 
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4 0  
DATA NEEDS AND DATA QUALITY OBJECTIVES (DQOs) 

The p m a r y  objective of a RFI/RI 1s to collect the data necessary to determme the nature Qstnbution, and 
migration pathways of contaminants T ~ I S  dormahon 1s used to support a basehe mk assessment whch 
determines the need for remeQahon and evaluates I Y S ~  assouated unth vanous remeQal alternahves Five 
general goals of a RFI/RI are (EPA 1988a) 

Characterne site physical features 
Define contammant sources 
Determme the nature and extent of contammahon 
Descnbe contammant fate and transport 
Provlde a basehe nsk assessment 

This section of the RFI/RI workplan summarnes the site conceptual model developed m Section 2 0 and 
identlfies data needs and use of data to meet the outhned objechves 

4 1 SITE SPECIFIC RFI/RI DQO PROCESS 

Through application of the data quahty objectives (DQOs) process site spedic RFI/RI DQOs are 
estabhshed and data needs are idenMied for achlevmg identlfed goals DQOs are qualrtahve and 
quantitative statements that descnbe the qualrty and quanhty of data requred by the RFI/RI (EPA 1987) 
These determmation are fadtated through the development of DQOs 

DQOs are developed usmg the followmg three stage process 

STAGE 1 Identlfy deusion types 

identlfy and mvolve data users 
evaluate a d a b l e  data 
develop conceptual model 
speafy obje&ves/decisions 
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STAGE 2 Iden* data uses and needs 

iden* data uses 
iden* data types 
identdy data quahty needs 
identlfy data quantrty needs 
evaluate samphng/analys~~ ophons 
rewew PARCC parameters 

STAGE 3 Deslgn data collectron program 

assemble data colleaon components 
develop data collechon documentahon 

The three stages are mplemented for each phase of the RFI/RI The DQO stages are undertaken m an 
mteractive and iterahve manner whereby all the elements of the DQO process are contmually b e q  rewewed 
and apphed dutrng the execubon of the data collectron actrwbes Throughout the RFI/RI these stages occur 
m a natural progression and flow together wthout a formal stage deheatron It may not be possible to 

identlfy all data needs durnng the RFI/RI a m t y  Data needs WIU become more apparent as addmonal data 
I are obtamed and evaluated 

4.2 SUMMARY OF EXISTING SITE DATA AND CONCEPTUAL MODEL 

The exlstlng data have been evaluated and support the followrng tentahve conclusions 

The groundwater m the upper HSU contam volatde orgaolc compounds The pmapal vo1at.de 
orgamc compounds present as dssolved conshtuents are tetrachloroethylene (PCE) 
tnchloroethylene (TCE) and carbon tetrachlonde (CCIJ Although areas of relahvely high 
concentrahons of these &solved contammants have been dehcated, thev extent m the upper 
HSU has not been dcterrmoed Although non aqueous phases of volatde organ~c contammats 
have not been idenGed m the subsurface m the past, c o d e n n g  the reported volumes of 
contammants that may have been spdled or leaked onto the ate there appears to be a potentd 
for dense non aqueous phase hquds to be present m locaked depressloas rn the telabvely 
permeable porbons of the upper HSU and m weathered or fractured claystone at the bottom 
of the uppermost unconfined aqutfer 

Relatively low concentrabons of volatde orgaxuc compounds have been detected m samples of 
groundwater from four wells screened m the unweathered claystone and lower sandstone 
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bedrock These four wells are 1887BR U)87BR 3487BR and 4086BR For the most part these 
data have not been vahdated There 1s a potenhal for contammated groundwater m the 
unconfined groundwater flow system to enter lower sandstones where they subcrop beneath 
relatively shallow colluvlum south and southeast of the 903 Pad area Wells constructed pnor 
to 1986 may also represent a potenhal pathway of contammahon from the upper HSU to the 
lower HSU(s) 

The predommant component of the groundwater hydraulrc gradrent m the bedrock is potenhally 
downward The honzontal component of the hydraulrc gradrent appears to be generally toward 
the east However m general the bedrock groundwater flow r e p e  IS not well understood and 
gradrents m the deeper sandstones are not known At present it is beheved that the majonty 
of bedrock groundwater flow occurs laterally m the lower sandstones The low hydrauhc 
conductivlty of the claystone mpedes the downward flow of groundwater 

Considenng the proxunity of Operable Umt 1 (881 Hrllside) and its locahon to the west of the 
903 area there appears to be a potenhal for contammation from topographcally or hydraulrcally 
upgradent sources to be present Lower sandstones beneath the 881 W i d e  site may be 
upgradrent of lower sandstones beneath Operable Umt 2 

43 SITE SPECIFIC PHASE I1 RFI/RI (BEDROCK) OBJECTIVES AND DATA NEEDS 

This section of the Phase I1 Bedrock RFI/RI Work Plan estabhhes the objectives and data needs for 
achiemg identfied goals Based on exstmg data and on the site conceptual model, site specrfic RFI/RI 
objectives and data needs assoaated wth identdjmg potenhal sources of bedrock contammation and nature 
and extent of contammatron m the bedrock are shown m Table 41 The spedic plans and rationale for 
obtainrng the requlred data are presented m the Field Samphg Plan Sechon 8 0 

Data of a quahty consistent wth the objectwes spedied m Table 4-1 WIN be collected m accordance to the 
Rocky Flats Plant Enwonmental Restoratron (ER) Program Standard Opera- Procedures (SOPS) and 
through adherence to the Rocky Flats Plant ER site wde Quahty Assurance Project Plant (QAF'jP) 
Chemical analyses d be performed m accordance wth General Radrochemlstry and Routme Analyhcal 
Semces Protocol (GRRASP) (EG&G 199Of) 

Analytical methods wth detechon hits below or near potentd chermcal speafic ARARs (see Seaon 3 0) 
wdl be used to fadtate cornpansons of resultq data to potenhal ARARs Table 4-2 summanzcs the 
requlred analyt~cal levels referenced m Table 41 
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TABLE 4-2 

SUMMARY OF ANALYTICAL LEVELS 

Requred Analpcal Level Task 

Level I (Field Screens) 

Level I1 (Field Analyses) e 

e 

e 

Level I11 (Laboratory Analyses usmg e 

EPA Standard Methods) e 

e 

Level IV (Laboratory Analyses usmg 
EPA CLP Methods) 

Level V (Nonstandard Analyses) e 

e 

e 

Water level measurement 
pH measurement 
Eh measurement 
Scree- for organtcs (OVA/HNu) 
Scree- for rahonuchdes (beta gamma) 
Temperature 
Speclfic conductance 
Screenmg for buned objects (magnetometer pipe 
locator) 

Screenmg for organtcs (GC) 
Screenmg for metals (ICP) 
Screenmg for rahonuchdes (gross beta/gross alpha 
gamma spec) 
Analysls of enpeenng properhes 

Major ion analysis 
Orgamcs analysis 
Inorgames analysis 

Analyss of Target Compound Lst  (TCL) and 
Target Analyte Llst (TAL) 
Rahologcal analyses 
Chemical analyses requtnng modlficahon of 
standard methods 

e Speaal Analytical Semces (SAS) 

Source EPA (1987) 

Note Specrfc methods desmbed m SOPS and/or QAA 
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5 0  
REMEDIAL INVESTIGATION TASKS 

The followmg is a h t  of tasks to be accomphhed dunng the RFI/RI for Operable Umt 2 Each task as 

dscussed 111 detad m the Phase I1 Bedrock RFI/RI Work Plan d be coordmated wth the correspondmg 
task m the Phase I1 RFI/RI Alluwal Work Plan 

5 1  TASK1 PROJECTPLANNING 

The project pl-g task mcludes all efforts requued to lnttiate both the alluwal and bedrock components 
of ths Phase I1 RFI/RI of Operable Uxut 2 Acbmbes undertaken for tlus project have mcluded a rewew 
of the Phase I RI results as well as other prenous mvesbgabon results rewew of lustorical aenal 
photography prebmary evaluabon of ARARs and scopmg of the Phase 11 RI Results of these achwties 
are presented in the alluwal work plan (EG&G 1990~) and m Sechons 10 (Introduction) and 2 0 (Site 
Charact ermtion) 

Durmg the Phase I RI a complex depositional pattern was r e c o p e d  m the bedrock beneath the 903 Pad 
Mound and East Trenches areas Thus work plan mcorporates the results of on gorng geolo@c 
characterlzation efforts (EG&G 1990a and 199Ob) mended to define the locabon, extent and onentation 
of bedrock sandstone u t s  and outhes further work to refine the site bedrock geolwc model The 
geologc charactemtion has been combmed wth analytical chemlstry data obtamed durvlg Phase I to 
develop a model of the nature and extent of contammabon 

Two project pl-g documents mcludmg this Work Plan, have been prepared whch pertam to thrs Phase 
I1 RI as requlred by the draft Inter Agency Agreement (IAG) between DOE, EPA, and CDH Th~s Work 
Plan presents results of the project plammg task m adhbon to plans for the Phase I1 RFI/RI A Field 
Samphg Plan (FSP) mcluded m ttus document presents the locations meba and frequency of samplmg 
efforts The second document reqwed by the IAG is a Samphg and Analys~~ Plan (SAP) Included m the 
S A P  are a Quahty Assurance Project Plan (QAPjP) and Standard Opera- Procedures (SOPS) for all field 
actinties 

5.2 TASK 2 COMMUNITY RELATIONS 

In accordance wth the draft IAG the Communtcations Department at Rocky Flats IS dcvelopmg a Plant 
wde Commumty Relabons Plan (CRP) to actively mvolve the pubhc L I ~  the deasion malung process as It 
relates to enwonmental restoration achwties A Draft Communtty Relabom Survey Plan has been 
completed and forwarded to EPA CDH and the pubk for rewew Thrs Phase II RFI/RI work plan 
specdies actinties planned to complete the Plant wde CRP mcludmg plans for commmty mterwews The 
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draft CRP wdl be completed m September 1990 m accordance wth the draft IAG schedules Accordmgly 
a site s p e c ~ c  CRP IS not requred for Operable Umt 2 

The Commwcahons Department also IS contmuq other pubhc dormahon efforts to keep the pubhc 
dormed of enwonmental restorahon achwhes and other mues wh~ch relate to Plant operahons A 
Speakers Bureau program sends speakers to m c  groups and educahonal orgauatms, whde a pubhc tour 
program allows the pubhc to wit  Rocky Flats Road tours of areas such as the 903 Pad, Mound and East 
Trenches areas are common durrng pubhc tours as well as other tours arranged for pubhc offiaals An 
Outreach Program also IS m place accorcllng to whch Plant offiaals wdl m t  elected officrals, the news 
media and busmess and awc orgamahons to further dwcuss mues related to Rocky Flats and 
enwonmental restorahon achwhes The Commwcahons Department also reccwes numerous pubhc 
mqumes whch are answered through telephone conversahons or by sendrng mtten mformational matenals 
to the requestor 

53 TASK 3 FIELD INVESTIGATION 

The Phase I1 RFI/RI (Bedrock) field mveshgation IS deslgned to meet the objectms o u h e d  m Sechon 4 0 
The followmg achwhes wdl be performed as part of the field mveshgahon 

D d  and sample sods and bedrock and conduct geotedmcal and geochemical laboratory testmg 
on samples to further charactem the potential contammants that may be present w h n  the pore 
spaces m bedrock or that may be present as separate phase mumsable hqtuds 

Drdl and log bormgs and -tall momtonng wells to further charactenze the dwtnbuhon of aqufer 
and aqmtard zones w h  the bedrock Field volatde orgamc screemng by gas chromatography 
(GC) methods d be used to asslst m determmmg well screen mtervals 

Perform m situ hydraullc conductmty testmg m b o w  and web to further charactem the 
hydraultc connechon between surfiaal matetrais and bedrock and to further charactenze 
groundwater flow rates 

Collect water level measurements m the momtonng web to further charactem hydraullc 
gradents that wdl be used to evaluate groundwater flow dnecbons 

Collect and analyze groundwater samples from momtonng wells to charactem the nature and 
extent of bedrock groundwater contammahon 

Sample locations frequency and analyses are presented m Sechon 8 0 AU field actrvlttes WIU be performed 
III accordance wth the Rocky Flats Plant ER Program SOP 
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a 
I 5 4 TASK 4 SAMPLE ANALYSIS AND DATA VALIDATION 

Analytical methods for chemical analyses are provlded m the ER Program QAPjP Also prowded m thrs 
document are the analyttcal detectron h i t s  sample contamer and volume requvements preservatton 
requvements and sample holdmg tunes Prqect speclfic requvements are mcluded m the Quahty Assurance 
Addendum Sechon 9 0 of ths Work Plan 

I 

Data wd be rewewed and vahdated by the ER Program staff Results of data rewew and vahdahon actiwttes 
wd be documented m data vahdatton reports EPA data vahdatton functronal gudehes wdl be used for 
vahdatq orgmc and morgamc (metals) data (EPA 1Wb) Vahdabon methods for rachochemlstry and 
major ions data have not been pubwed by the EPA however data and documentaon requvements have 
been developed by ER Program QA staff Data vahdatton methods for these data are demed from these 
reqlllrements Detads of the data vahdatton process are desmbed rn the QAPjP 

5.5 TASK 5 DATA EVALUATION 

Data collected d m g  the Phase II bedrock RI wdl be mcorporated, wth Phase II alluwal data, mto the 
extstlng database and used to better define site charactenstics source charactensha the nature and extent 
of contammation, and to support the basehe nsk assessment and evaluatton of proposed remedal 
alternatives 

0 
5.5 1 Site Charactemtion 

Geologx and hydrologc data wdl be mwrporated mto appropnate site maps and cross secttons Geologrc 
data wdl be used to detad the stratqraphy of the bedrock m the 903 Pad, Mound, and East Trenches areas 
Hydrogeologc data wd be used to charactem the subsurface geometry of aqurfer and aqrutard zones and 
groundwater flow m the bedrock "h charactematton wdl rnclude gathelurg data on effectrve porosibes 
hydrauhc conductiwties and hydrauhc grahents that wdl be used as a baas for duatmg flow duectrons, 
the mteraction between alluvlal and bedrock groundwater groundwater veloubes, and Contarmnant mqratton 
rates 

5.52 Source Characterization 

The results of the alluwal RFI/RI wdl be carefully evaluated to iden* potenbal sources of bedrock 
contammation The potenttal sources evaluated wdl d u d e  (1) plumes of dmolved (aqueous phase 
contammants 111 the upper HSU (2) pools or pockets of non aqueous phase contaminants near the bottom 
of the upper HSU and (3) umdcntdicd off site sources located topographdy and/or hydrauirdy 
upgradient of the site 
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Analytical data from the source boreholes d be used to 

confvm IHSS locations 
Charactem the nature of source contammants 
Characterue the lateral and vefical extent of source contarmaants 
Determme the maXlIllUm onsite contarmnant concentrahons 
Quantdy the volume of source matenals 

At those IHSS locabons which are trenches geoloe;lc data from the source boreholes d determme the 
trench depths and charactenze trench contents 

553 Nature and Extent of Contammation 

Analytical data from samples of bedrock groundwater d be used to charactem the nature and extent of 
contammation The critena for the idenMicahon of contarmaahon d be analyte specific, as &cussed m 
Subsection 2 2 2 Background Charactemahon Essenhal to the Implementahon of these stamhcal 
techniques for groundwater and borehole samples is the categorlzation of each analybcal data set mto 
appropriate hydrogeologrc w t s  (e g the samples from smdar sandstone Ittholog~c w t s  or claystone would 
be categorued together) The idenMication of the appropnate geolopc w t  WIII be based on geolopcal data 
collected durmg the Phase I1 RFI/RI The natural range of background concentrahons of morgamc 
parameters wdl be further charactellzed and evaluated ln the context of the potential role of evaporahve 
concentrations as a mechamsm for locabzed occurrences of morgamc conshtuents at high concentrahons at 
outcrops or shallow subcrops 

The extent of contammation d be deheated through the use of lsopleth maps and cross semons The 
possible use of krigmg or other computenzed calculahon methods to contour the lsopleths for the most 
wdely distnbuted contammants d be mveshgated Appropnate stausbcal t e h q u e s  d be used to 
identtfy and charactenze conshtuent htnbuhon and source areas 

Comparisons of analytical data from alluwal and bedrock groundwater wdl be made to mvesttgate the 
movement of contammants 

5 6 TASK 6 BASELINE RISK ASSESSMENT 

A basehe nsk assessment wdl be prepared for the 903 Pad, Mound, and East Trenches areas as part of the 
Phase XI RI to evaluate the potentlal threat to the publlc health and the enwonment m the absence of 
remedd action One nsk assessment combmq the bedrock and alluwal components of the RFI/RI wrll 
be conducted The basehe risk assessment WIU prowde the bas& for determmg whether or not remedtal 
action is necessary m the area and serve as the justtficahon for perforrmng remedtal achon (EPA 1988a) 
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Several objectives d be accomplvhed under the mk assessment task mcludmg identdkabon and 
charactemtion of the followq (EPA 1988a) 

Tomcity and concentrabons of hazardous substances bresent rn relevant meda (eg au 

groundwater sod, surface water s e b e n t  and biota) 

Enwonmental fate and transport mechamms w t h  speafic enwonmental meha and cross 
me&a fate and transport where appropnate 

Potenhal human and enwonmental receptors 

Potential exposure routes and extent of actual or expected exposure 

Extent of expected lmpact or threat and the Uelhood of such lmpact or threat occumng (1 e mk 
charactermbon) 

Level(s) of uncertamty and lrmitabons assoaated wth the above factors 

The pubhc health risk assessment and the enwonmental evaluation wrll be performed u t h n g  accepted 
guidance mcludmg that prowded by US EPA (1989a) and other relevant dueaon m the general mk 
assessment hterature 

5 6 1 Public Health Evaluation 

The nsk assessment process IS dmded mto five tasks mcludmg 

Contammation Idenbtlcation 
Exposure assessment 
Tomaty assessment 
Risk charactermoon 
Uncertamty analym 

The task objechves and descnphon of work for each task are descnbed below 

The objective of contammant identdlcation IS to screen the mformabon that IS avadable on hazardous 
substances or wastes present at the site and to idenbfy contammants for the mk assessment process 
Prewous work charactetlvng aspects of the Rocky Flats Plant and the surroundmg area has been performed 1 
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Additional samplmg and analyss of vanous meha wrll take place m order to support the human health rlsk 
assessment the ecologcal assessment and to further charactem the site It IS possible that the number 
of contammants identdied can be reduced to a lst  of contammants of concern as IS frequently done for 
hazardous waste site mk assessments mvolvlng many contammants 

5 6 12 Ex~osure Assessment 

The objectives of the exposure assessment are to iden* actual or potenbal exposure pathways, to identlfy 
and charactem potentially exposed populabons, and to determme the extent of exposure An exposure 
pathway is comprsed of five elements 

1 
2 
3 
4 

5 

A source of the chemcal 
A mechmsm for the chemical to be released from the source to the enwonment 
An enwonmental transport mehum (e g au groundwater) for the released constttuent 
A pomt of potential contact of humans or biota wth the affected medtum (the exposure pomt) 
An exposure route (e g lnhalation of contammated dust) at the exposure pomt 

In order for exposure to occur all five elements must be present 

e The exposure assessment process wdl include the followq actions 

Analyze the probable fate and transport of compounds for both the present and the future uses 

I 

Identify the human populahons m the area, typical amwttes that would duence  exposure and 
sensitive population subgroups 

Identlfy potential and complete exposure pathways under current and future land use condmons 

Develop exposure scenanos for each identdied pathway and select those scenanos that are 
plausible 

Identlfy scenanos assumlng both exlstmg and potenttal future uses 

Develop an estmate of the expected exposure concentrahons and mtakes at the exposure pomts 
from the potenhal release of contaxmuants 
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Appropnate exposure scenanos wdl be identrfied for the site 
considered mclude natural residential, commeraal/mdustnal, and/or recreational use 
exammed m the pathway and receptor identficahon process d d u d e  

Scenanos whch could potenbally be 
Factors to be 

Locahon of contammant source 
Local topography 
Local meteorologd data 
Local geohydrology/surface water hydrology 
Surroundmg land use 
Local water use 
Prehcbon of contammant migration 
Persistence and mobhty of migratmg contammants 
Influence of the physical and chemical processes expected to occur dunng contamrnant mqrabon 
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For each migration pathway and for emtmg and future land use receptors wdl be identfied and 
characterlzed Potential receptors wdl be defined by the appropnate exposure scenanos 

5 6 13 Toxlcitv Assess ment 

In accordance wth EPA s nsk assessment gudelmes the projected concentrations of chemicals of concern 
at exposure pomts wdl be compared wth ARARs to judge the degree and extent of mk to pubhc health and 
the enwonmeat (mcludmg plants ammals and ecosystems) Because ARARs do not emt for certam meha 
(such as sods) and not all ARARs are health based, thls companson 1s not suffbent m itself to sa&@ the 
reqwements of the nsk assessment process Admhonally receptors may be exposed to mulhple 
contammants and through more than one mehum Nevertheless the compmon wth standards and mtena 
IS useful m defmg the exceedance of mtitubonal reqwements In addrtron to ARARs kted m Table 3-1 

the followmg critena wdl be exammed 

D r h g  water health a h o n e s  
Ambient water quahty cntena for protection of human health 
Center for Dlsease Control and Agency for TOXIC Substances and Dlsease Reptry sod a h o n e s  
National Ambient Au Quahty Standards 

Critical toxlcity values (1 e numend values denved from dose response mformabon for mdimdual 
compounds) wdl be used m conjunchon wth calculated meda make deterrmnabons to evaluate potenttal 
risk Tomcity reference values from EPA s Integrated Rlsk Informatron System (IRIS) d be used chrefly 
m heu of reference values from other sources 
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The basehe mk assessment wdl also mclude a summary of swicant  toxlcologd studes performed for 
chemicals of concern An evaluahon wdl be conducted as to the quatty of these studes and thew 
appropnateness for evaluatmg human health nsks assoaated wth the speufied exposure scenarios presented 
A more detaded explanahon of the toxlc effects for chermcals of concern WIII be prowded m appendures to 
the human health mk assessment and the enwonmental evaluabon Suxtable reference values wdl also be 
summanzed For the human health rrsk assessment, thu wdl d u d e  a bnef descnpbon of the studes upon 
whch selected reference values were based, the uncertamty factors used to calculate llsk reference doses 
(RfDs) and the EPA weight of ewdence classlficahon for carunogens For those chemcals wthout EPA 
toxlclty reference values a lrterature search, mcludmg computer data bases may be conducted for selected 
compounds A toxlclty value wdl then be denved, when possible from thts dormabon Guxdance from 
germane sources such as the Nahonal Academy of Saences wdl be followed regardmg the appropnateness 
of the data and the methodologes to be used m d e n q  reference values Uncertamhes regardmg the 
toxlcity assessment wdl be evaluated 

Two types of cntical toxlaty values wdl be used 

ThemkRfD 
Slope factor (for carunogemc chemicals only) 

56 1 4  Risk Characte nation 

Risk charactemtion mvolves mtegratmg exposure assumphons and toxluty dormabon to quanbtatively 
estunate the potential added pubhc health mk assouated wth exposure to site related Contarmnants Rlsk 
characteruation wdl be performed for those compounds determmed to be chermcals of concern To assess 
the potenhal adverse health effects assoaated wth access to the site the potenhal level of human exposure 
to the chemicals of concern must be determmed Chemical mtakes of receptor populabons wdl be 
calculated separately for all appropnate exposure pathways for chemcals Then, for each populabon at tlsk 
the total mtake by each route of exposure wdl be calculated by ad- the mtakes from each pathway Total 
oral, mhalation and dermal exposures wdl be estrmated separately Because short term (subchro~uc) 
exposures to relahvely high concentrabons of chemicals may cause Werent non caranogemc effects than 

those caused by long term (chromc) exposures to lower concentrabons two rntake levels anll be calculated 
for non carcmogens for each route of exposure to caranogens Rtsk WIU be quadied by cornpanson of 
contammant mtakes at exposure pomts to quanbtahve mtena for protectton of human health RfDs and by 
computmg estmated added hfetme cancer nsk usmg slope factors 

561.5 Wncerta intv Ana lV& I 

An uncertamty analysls wd be performed to iden@ and evaluate factors that produce uncertarnty m the 
nsk assessment such as assumphons mherent m the development of tmcol0g;lcal endpomts (potency slope 1 0 
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factors reference doses) and assumpt~ons considered m the exposure assessment (model mput vanabhty 
population dynamics) Techtuques employed to assess uncertamty may d u d e  propagabon of errors analysis 

(1 e first order analyss) sensitmty analysu and statxdxal samplmg techmques (Monte Carlo) or other 
methods appropnate to the assessment The goal of t h ~ ~  task wdl be to quanm to the extent prachcable 
the magmtude and extent of uncertamty propagated through the mk assessment process T ~ I S  uncertamty 
analysis wdl present the spectrum of potend nsks under spedied scenanos so that the nsk management 
decision maker can a q w e  an understandmg of the level of cofidence assoaated wth all estrmates of 
human health nsk 

5 6 2  Eavlronmental Evaluation 

The objective of the enwonmental evaluabon for Operable Uxut 2 IS to determme If the contammants have 
caused or are causmg an adverse enwonmental unpact The data to be collected wdl be u h d  m 
conjunction wth exlstmg data to determme the bio avadabhty and toxnty of the contammants to the flora 
and fauna of the 903 Pad Mound, and East Trenches areas 

The environmental evaluabon wdl be conducted accordmg to gwdance prowded m Rlsk Assessment 
Guidance for Superfund Volume 11 Enwonmental Evaluation Manual (EPA 1989d) as part of the 903 Pad 
Mound and East Trenches areas Phase I1 RFI/RI The scope of the mvemgahon wdl be lunited to the use 
of exrstmg data as is recommended m the cited EPA gwdance The radmcology study (Rocky Flats Plant 
Radioecology and Anborne Pathway Summary Report [Rockwell Internabonal 1986fj) the Fmal 
Environmental Impact Statement (DOE 1980) the sods and surface water chemical data, and any holog~cal 
parameters collected dunng ths enwonmental evaluabon wdl be uthzed to assess both the current and 
future ecologd unpacts w b  Operable Uxut 2 

a 

In order to accomphsh the work plan objective a number of acbwbes are prepared and executed These 
are briefly described below 

a 

Project Preparation Thu acbwty represents the project plannmg, preparahon of the work plan 
and preparauon of the samplmg and analyses plan (SAP) The SAP rncorporates two other 
supportmg documents the field sampltng plan (FSP) and quallty assurance project plan (QAPJP) 
Included also is &be renew and analysu of e m b g  mformahon, denttfrcabon of data gaps, and 
the preparation of a site spedic conceptual model of release transport, and exposure 

Field Inveshgabon Tius achwty represents all Phase 11 remeQal mvcstqabon and ecologd 
assessment fieldwork, mcludmg the mstaIlation of momtonng w e 4  sod bonngs samplmg and 
analysu of ground and surface waters collechon and a n a l p  of sod scrapes collechon and 
analysls of bioloEpcal samples and a n  qualrty sampllng necessary for the basehe nsk assessment 
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Data halym Dutlng data analysq all collected field data are reduced, evaluated compared 
wth, and mtegrated mto the exstmg data bank to prowde up to-date mformahon on conQhons 
A second aawty IS to identtfy and prowde data on speufic chemd/ra&olopd contarmnants 
transport mechums and enwonmental receptors m order to conduct the baselme m k  
assessment 

Enwonmental R s k  Assessment The enwonmental mk assessment mcorporates the 
enwonmental data gathered m the prewous aawhes characterrzes documented or potenhal 
contarmnant exposure pathways and exposure pomt concentrattons, and assesses the mk or h e a t  
to \Anldl.de protected speues or habitats 

RemeQahon Cntena Statutes reqwe the selectlon of remedtal achons suf€iuent to protect the 
enwonment This achwty en@ the considerahon of federal and Colorado state laws and 
regulations pert- to the preservahon and proteaon of natural resources that are applrcable 
for the enwonmental mk assessment are utdmd to the extent they are adable  Avdable data 
WLU be evaluated and, to the extent prachcable cntena wdl be estabkhed that address 
enwonmental protectlon 

Enwonmental Evaluahon Report Tlm acttwty entads the preparabon of the report that 
addresses the scope of the mvestqahon ste enwonmental charactemhcs and contarmaants 
charactemahon of exposure and mk, remedtauon cntem, conclusions and htahons  of 
assessment 

5 7 TASK 7 TREATABILITY STUDIES 

Ths task d u d e s  efforts to prowde t e h c a l  support m the form of bench scale treatabhty tests to the 
Rocky Flats Plant Enwonmental Restorahon Program These tests are mtended to support the Operable 
Umt 2 bedrock component of the Rm/RI It IS assumed at thts tune that, d contammahon of the bedrock 
is found, remedrabon wdl mvolve groundwater treatment possibly m conjunchon wth contauunent and 
momtomg However other technologes may be applrcable to local areas of relatwely iugh levels of 

I contammation where treatment of the bedrock itself may be feasible 

Treatabhty stuQes are conducted pnmdy to (1) prowde suffiaent data to allow treatment alternatnres to 
be fully developed and evaluated dunng the detded analyss and to support the deslgn of a selected 
remedral alternahve and (2) reduce cost and performance uncertmhes for treatment alternatwes to 
acceptable levels so that a remedy can be selected Treatabhty study reqwements are developed dumg 
the development and screexung of remedud alternahves (Subseaon 6 1) 
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Numerous technologes that appeared to be potenhally apphcable for treatmg Operable Urut 2 were 
identlfied for treatabhty testmg Contammants consist of spent solvents, rahonuchdes, and o h  The 
technologes idenMied for screelung were h t e d  to those already commeraally estabhhed or whch have 
demonstrated potenhal for processmg slmdar contammants AdQhonally the technologes considered were 
requned to be readdy lmplementable (1 e standard pre engmeered umts) avadable wthm a relahvely short 
m e  frame (as opposed to technologes that would requtre a research and development phase) Innovative 
and alternative technologes were not considered 

Dependmg on the spedic veld of the bedrock matnx considered for remeQahon, it may be feasible to 
collect groundwater for treatment above ground In that case the followmg technologes have been 
idenMied for potential testmg 

Chemical Oxldation of O r p c s  Chemical oxldahon IS used to degrade hazardous organxc 
materials to less toxrc compounds Omdahon systems parhcularly those usmg ultrawolet (UV) 
hght ozone and hydrogen peroxlde are powerful tools for treatmg a wde vanety of common 
orgamc enwonmental contammants Dlsadvantages are slmdar to those for morgmc oxldation 
reduction potential nontarget orgamcs and morgmcs can produce undesuable side products and 
mcrease oxldant requtrements 

Granular Activated Carbon (GAC) Adsorphon of Orgamcs GAC adsorphon IS the most fully 
developed and wdely used technology for treatmg groundwater coatammated wth organxcs It 
is effective for the removal of a wde range of organxcs from aqueous waste streams Bench scale 
testmg would consist of r u m q  a senes of desmphve tests to determme lsotherms for the 
groundwater contammants GAC is typically regenerated wth a thermal process and the 
regeneration process can be performed at either off site or on site fauhhes 

Reverse Osmosis Reverse osmosls processes mvolve the use of sermpermeable membranes By 
applymg water pressure greater than the osmotic pressure to one side of the membrane water is 
passed through the membrane whle pmculate salts and hgh molecular we@ orgarucs are 
retamed The retamed h @ l y  concentrated solution (retentate) contams dssolved salts, as well 
as the target contammants and reqrures further treatment or d~~posal 

An Stnppmg Au stnppmg IS a proven technology for removal of volatde and some semivolatde 
contammants from water T k  process mvolves the transfer of contammants from a contammated 
hqwd phase to a vapor phase by passmg the two countercurrent streams through a packed tower 
An emission treatment IS generally requued wth vapor phase actrvated carbon systems bemg the 
most commonly used process for tlus purpose but other alternatwes such as omdahon and 
mcmeratlon emt The vapor phase treatment umt IS generally costly 
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Dlstdlation Distdlation IS a process that mvolves separatmg compounds accordmg to thelr b o b g  
pomt charactenshcs The pnmary use of dstdlahon IS for reclmmg spent solvents from 
mdustrial processes and it IS generally apphcable only to rather concentrated solutions The 
process can be used to separate vanous volatde compounds or to separate m m e s  of orgmcs 
mto hght and heavy fradons The ltght fractton can usually be recycled or used as a boder feed, 
whde the heavy fracbon reqwres further treatment 

Biolog~cal Reactor Dependmg on the speclfc yeld of the bedrock mat- it may be possible to 
extract groundwater and use biologrcal reactors u t h q  micrmrgamms to remove o r p c  
contammants from the water Most orgamc contamrnants can be biolog~dy degraded by 
mtroducmg the appropnate microorgamsms Hlgh concentrahons of some o r p c s  and the 
presence of metals may prove toxlc to the orgamsms and pretreatment may be reqwred Several 
types of aerobic reactors exlst such as actwated sludge systems tr~clclmg filters, rota- biolopcal 
contactors and unmobkd cell reactors In general, these methods generate sludges that reqwe 
dlsposal 

Sorption of Radlonuchdes Sorption of morgmcs metals and radonucbdes IS a standard 
techque for removal and concentrahon of these contammants from wastewater The sorphon 

medla are generally chemically regenerated, whch results m a concentrated side stream requlrmg 
further treatment or dsposal Common and proved sorpbon processes d u d e  ion exchange and 
GAC whde less proven techmques mvolve the use of activated alumma, bone char and 
propnetary sorption meha Ion exchange and GAC vvlll be addressed separately 

Activated alumma is a porous form of alummum oxlde wth a large surface area For removal 
of aqueous contammants achvated alumma IS typically used m a column slmdar to that for ion 
exchange It has been proven to be successful m the removal of arsemc and fluoride from 
groundwater (Rube1 1980) More recently advated alumma has shown promtse m absorb- 
plutomum from a low level wastewater effluent at the Hanford Site (Barney et al 1989) In the 
same study plutomum adsorpbon on bone char adsorbent was the most rapid and gave the w e s t  
decontammabon factors Waste stream speclfrc laboratory t e s t q  would prowde valuable 
dormation on the smtabhty of these sorbends for low level rattonuchde removal 

Ion Exchange of Radonuchdes Ion exchange processes are used for a wde range of water 
treatment apphcahons rncludmg commonly recognued systems such as demmerakrs and water 
softeners The goal of an ion exchange system IS to remove undewable ions of a artam type(s) 
from a solution and replace them wth more acceptable ions Rattonuchdes are commonly 
removed from waste streams at nuclear fadties us- ion exchange 
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Ion exchauge resms part~cularly m o n  exchange resms have been used to recover urmum from 
mme runoff water for many years Extensive studes on the laboratory scale report removal of 
uraxuum from natural waters as iugh as 99 percent (Sorg 1988) A small full scale ion exchange 
system was capable of removq urmum from dmkq water supphes to as low as lp/l (Jeltnek 
and Sorg 1988) Ion exchange resm are typically rechargeable however the resm used m 
radoachve appbcahons are generally only used once and are then &posed of as a sohd waste 
Although pubhhed mformabon m the removal of plutomum from natural waters by ion exchange 
has not been found, there 1s mdcahon that ioarud plutoluum 1s removable usmg tlus technology 
(Marston 1990) 

In cases where collechon of groundwater IS not feaslble or pra&cal, the followrng technology was identdied 
for potential testmg 

In Situ Biolopcal Treatment Dependmg on the effectwe poroslty of the bedrock m situ 
biolopcal treatment may be feasible In situ biolopcal treatment of groundwater mvolves the 
stmulahon of biolopcal growth m the contammated zone m order to reduce the contaxtunant 
concentrations Microorgaarsms that can use some or all of the contaxtunants as substrates wd 
normally emt m a contammated enwonment The rmcroorgamsms are sbmulated to mcrease 
thew biolopcal growth and consumpbon of contammants through addmm of essenbal nutnents 
Aerobic treatment systems also requve the mtroduaon of oxygen In situ treatment IS dependent 
on geolopcal and hydrologd condtions The process IS relamely mexpensive 

Vacuum Extracbon Volatde contarmnants can be removed from d usmg vacuum extraction, 
whch IS an m situ treatment technology that mvolves the au stnppmg of contaramants by mduung 
a vapor flow through the sod Smce this technology mvolves the transfer of umtammants to the 
vapor au emlssion treatment 1s generally requved The effiaency of the process 1s hghly 
dependent on geolopc condhons and would tend to be meffecttve m low permeabhty bedrock 

In cases where contammants are entramed m bedrock, the bedrock IS acceaslble and the contammaban 1s 

of h i t e d  areal extent the followrng technolopes have been identdied for potentd testmg 

Sohddicahon/Stabhhon Sohddicabon IS a process m whch contanunants are mechamally 
bound to sohddicatton agents, reduang theu mobhty Thrs produces a sohd m a w  of waste wth 
hgh structural mtegnty S tabbhon usually mvolves the adbbon of a chamcal reagent to react 
wth the contarmaant produang a less mobde or less t m c  compound. Sobddicahon and 
stabhiahon are frequently used together and are a well establshed method for reduung the 
mobhty and toxmty of hazardous wastes Ttus process generates volumes of sokddied matenals 
LU proporbon to the contammated matend treated requrtrng d ~ ~ p o d  
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Vitrlfication The wtnfication process mvolves heatmg the waste m a w  to a very hgh 
temperature and either comb- the matnx wth molten glass or heatmg the matnx untd it melts 
Once cooled the molten mass sohdlfies mto a stable nonaystallme sohd reslstant to leadung of 
morgam, metal, and radlonucbde contammants O r p c  components are destroyed by pyrolysls 
The process can be conducted either m situ or off site however the process IS generally expensive 

5.8 TASK 8 REMEDIAL INVESTIGATION REPORT 

An RI Report wdl be prepared to consohdate and summanze the data obtamed dumg Phase I and both 
the alluvlal and bedrock components of the Phase I1 field work This report wdl 

Descnbe m detad the field acbwties whch serve as a basls for the RI report Thts wdl mclude 
any dewations from the work plan that occurred dunng unplementabon of the field mvestqption 

Thoroughly dlscuss site physical conditions dscussion w d  mclude surface features 
meteorology surface water hydrology surfiaal geology groundwater hydrology demography and 
land use and ecology 

Present site charactemtion results from al l  RI mveshgabve acbwbes at Operable Umt 2 m order 
to further charactem the nature and extent of contammabon, as well as the rate of 
contammation migration The media to be addressed wdl mclude contarmnant sources sods 
groundwater surface water au and biota 

Discuss contammant fate and transport Ths dscussion wdl mclude potentd mqyabon routes 
contamrnant persistence and contammant migration 

Present a baselme nsk assessment The nsk assessment wdl mclude human health and 
enwonmental evaluations 

Present a summary of the fmdmgs and concluslons and recommendabons for the feasibhty study 

Some of the above tasks such as project plammg, field mvesbgabon, sample anal- vahdabon and 
evaluation and possibly treatabhty studles wdl be unplemented separately for the alluwal and bedrock 
components of the RFI/RI However other tasks such as commututy relabons and baselme mk assessment 
wdl treat Operable Umt 2 as a whole A smgle RFI/RI report wdl be prepared to consohdate and 
SummarEe the data obtamed dunng Phase I and both the alluwal and bedrock components of the Phase I1 
field work 
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6 0  
FEASIBILITY STUDY TASKS 

The followmg are tasks to be accomphhed durtng the CMS/FS for Operable Umt 2 Each task IS &cussed 
m detad m the Phase I1 Bedrock RFI/RI Work Plan (Task 9) d be coordmated wth the correspondmg 
task m the Phase I1 RFI/RI Alluwal Work Plan 

6 1 TASK 9 REMEDIAL ALTERNATIVES DEVELOPMENT/SCREENING 

Th~s  section identdies potential technologes apphcable to the remedrabon of contammated bedrock at 
Operable Umt 2 The identlfed technologres are based on the site charactemtion and the ate conceptual 
model developed m Sechon 2 0  Idenhfication and scree- of technologes and assembhg an mhal 
screemg of alternatives d be conducted whde the RFI/RI IS bemg conducted However these actrwhes 
are early stages of the Feasibhty Study and as such, the results wdl be presented m the FS report 

This section prowdes a brief overmew of the EPA Superfund process that wdl be employed to develop and 
evaluate alternatives for Operable Umt 2 bedrock The Superfund Comprehensive Enwonmental Recovery 
Compensation and Liabhty Act of 1980 (CERCLA) process IS desmbed m detad m Gmdance fo r 
Conducting Remedial Investinat ions and Feasibw Stud ies Unde r CERCU (EPA 1988a) The CERCLA 
process was adopted because it speafies m the greatest detad the steps that should be followed and because 
the IAG reqlllres general comphance wth both RCRA and CERCLA grudance 

0 

The steps followed to develop alternahves for the bedrock beneath the 903 Pad, Mound and East Trenches 
areas are discussed below 

Develop site remedsal achon objechves based on chemical and radsonucbde speafic 
standards (when avadable) site spedic, nsk related factors and other mtena as 
appropriate 

a 

e Develop a kst of general types of achons appropnate for the bedrock beneath the 903 Pad 
Mound and East Trenches areas (such as wntalnment, treatment, and/or removal) that 
may be taken to sa&@ the objechves defined m the prewous step These general types or 
classes of adon are generally referred to as general response actrons m EPA guldance 

Evaluate prehmary remedabon goals early m the remedsal alternahves 
development/screemg process Prehmary remedsahon goals WIII be applred as 
performance objedves for evaluatmg effectiveness of speafic technology processes 
identdied as candidate components of wable remedsal achon alternahves Consistent wth 
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the NCP prehmary remedahon goals d be estabhhed at a l x l O d  excess cancer mk 
pomt of departure level As the FS evolves prehmary remedabon goals may be rewed 
to a Werent nsk level based on the considerahon of appropnate factors mcludmg 
exposure uncertamty and t e h c a l  Issues 

0 Identdy and screen technology groups for each general response aaon  For example the 
general response achon of contamment can be further defined to d u d e  the m =tu 
stabbibon of conbunants m a form that I less mobde or unmolnle m the biosphere 
Other contment  alternatwes could consst of groundwater bamers such as slurry walls 

Scree- should ehlnate those groups that are not tehca l ly  feasible at the site 

0 Iden* and evaluate technology opt~ons for each technology group to identdy 

representatwe process or processes for each group under constderatmn Although spedic 
process opt~ons are idenMied for alternatwe development and evaluabon, these processes 
are mtended to represent the broader range of opt~ons W ~ ~ I I I  a general technology group 
For example a sod bentomte slurry wall may be idenhfied as representatwe of verbcal 
bamers and would be used for techcal and cost compansons 

Assemble the selected representatwe technolqes mto site closure and correctwe action 
alternatives for the bedrock beneath the 903 Pad, Mound and East Trenches areas and that 
represent a range of treatment and contatnment combmabons as appropnate 

Screen the assembled alternatwes agamst the short and long term aspects of three broad 
mtena effecoveness mplementabhty and cost Because the purpose of the screemg 
evaluatron IS to reduce the number of alternatwes that wdl undergo a thorough and 
extensive analysls alternatwes d be evaluated m less detad than subsequent evaluabons 

Effectiveness is an evaluation of the protecttveness of human health and the enwonment aclueved by a 
remedial alternative amon dursng construdon and Implementatton, and after the response objectrves have 
been met Evaluatron of effecttveness m the short term I based on protechon of the commun~ty and 
workers mpacts to the enwonment, and the m e  requtred to meet remedd response objectwes Long 
term evaluation of effecuveness addresses the nsk rem- to human health and the enwonment and IS 

based on the percentage of permanent destructton, decreased mobhty and/or redudon m volume of t m c  
compounds achteved after response objecttves have been met 

Implementabhty 1s a measure of both the techmcal and admlnlstrahve feasibhty of consbuctmg, operatmg, 
and mamtammg a remedal actton alternatrve It IS used dumg screenmg to evaluate the combmatrons of 
process options wth respect to the site speufic con&bons T e h c a l  feasibhty refers to the abhty to 

construct rehably operate and comply mth acbon speufic (technology speufic) requuements m order to 0 
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complete the remedlal acbon Admltllstrabve feasibhty refers to the abhty to obtam reqlured permits and 
approvals to obtam the necessary scrwces and capaaty for treatment storage and dtsposal of hazardous 
wastes and to obtam essenbal equpment and t e h c a l  experhe 

Cost estunates for scree- wdl be denved from cost curves genenc untt costs vendor dormation 
conventional cost estuna- gudes and pnor estmates made for Rocky Flats and slmdar sites wth 
moddkabons made for Rocky Flats Plant condrhons Absolute cost accuracy 1s not necessary The cost 
estmates for the alternatwes however wdl have the same relatwe accuracy for compmson and screemng 
The cost esttmatmg procedures used d q  screenmg are sunliar to those that wdl be used dunng the later 
detaded alternatives analysls The later detded analysls however wdl receive more m depth and detaded 
cost estmates for the components for each alternative The screemng cost estmates wdl mclude capital 
operatmg and mamtenance costs The opera- and mamtenance costs wdl be calculated for the Metune 
of the treatment umt operation at the site Present worth cost analysls wdl be used for alternames m order 
to make the costs for the vmous alternabves comparable 

Alternatives wth the most favorable results from the composite evaluabon wdl be retamed for further 
scrutmy durmg the detaded analysls Not more than elght alternabves wdl be retamed for detaded analysis 
(mcludmg contiilnment and no action) At that tune it may be determmed that addtional site spedic 
dormation or technology spedic treatabhty studles are necessary for an objecbve detaded analysis Also 
it will be necessary to identlfy and venfy the action spedic apphcable or relevant and appropnate 
requuements (ARARs) that each respectwe alternatwe wdl be requred to meet 

At the Phase I1 RFI/RI Work Plan state the appropnate level of alternatwes analysls reqlures the htmg 
of general response actions most apphcable to the type of site under meshgatton General response acbons 
are defined as those broad classes of acttons that may sa&@ the objecbves for remedatmn defined for 
Operable Umt 2 bedrock Table 6 1 provldes a h t  and desmpon of general response acttons and typical 
technolopes assoaated wth remedlatmg bedrock and bedrock waters Table 6-1 also mcludes a general 
statement regardmg the apphcabhty of the general response acbon to potenttal exposure pathways 

The response actions outhed m Table 6 1 must be apphed to the potentral exposure pathways that wdl be 
identlfied for Operable Umt 2 bedrock The response acbons can mdlwddy be capable of provldmg 
control over all or some of the potenbal pathways Part~aUy effectwe response acbons can be combmed to 
form complementary sets of response aaons that provlde control over all pathways 
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In general terms potential human exposure may be avoided by prevention of contarmnant release transport 
and/or contact Rocky Flats has developed a Plan for the Prevention of Contammant Dtspersion (PPCD) 
an JAG dehverable that outlines a strategy for controlhg emtssions dumg the Enwonmental Restoration 
program actinties Thus apphcahon of the response actions may be considered at three Merent pomts m 
each potential exposure pathway (1) at the pomt where the contauunant could be released from the source 
(2) m the transport mehum and (3) at the pomt where the contact wlth the released contarmnant could be 
prevented 

W e  the identlfication of general response amons 1s dscussed above the selechon of the most appropnate 
action or combmation of achons is not warranted at this tune Site and contammant data are not suffiuent 
to mtiate the screemg process The follourlng data requvements have been estabhshed for the Phase XI 
RFI/RI effort for characteruahon of the source and groundwater contammants and for the prekmmary 
screerung of alternatives 

Describe contauunant fate and transport m bedrock 
Collect and analyze bedrock and groundwater samples beneath release areas to 
evaluate contammant spread 
Describe and characterne bedrock geohydrology 
Determme depth to water table and areas of saturated bedrock 

Site physical characterlzation 
Groundwater flow regrme w h  bedrock 
Rock types and general engmeemg properties 
Depth to bedrock 
Depth to groundwater 
Hydrogeologtc boundanes and parameters 

These data vvlll enable a thorough comparabve evaluation of the technologres wth respect to 
mplementabhty effechveness and cost and wdl allow for donned deusions to be made wth respect to 
the selection of preferred technolopes The Field Sampltng Plan (Sechon 8 0) descrrbes the methodology 
that wdl be followed to obtam the requved dormatton 

6.2 TASK 10 DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES 

The final step mvolvmg a detaded analysts of each alternative 1s performed dunng the FS The detaded 
analysis is not a decision m a k q  process but it IS the process of analypng and compatvrg relevant 
lnformation ln order to select a remehal action Each alternative wdl be assessed agamst m e  evaluahon 
criteria and the assessments Hrlll be compared to identdy the key tradeoffs among the alternabves 
Assessment agamst the m e  NCP evaluahon mtena IS necessary for the FS and the subsequent Record of 0 
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Deasion (ROD)/Corrective Acbon Deasion (CAD) to comply wth the reqrurements of CERCLAIRCRA 
The m e  speclfic evaluation mtena are hted below 

Overall protection of human health and the enwonment 

Long term effectweness and permanence 
Reducbon of tomuty mobhty or volume 

e Comphance wth apphcable or relevant and appropnate requvements (ARARs) 

e Short term effectiveness 
e Implementabhty 

e State acceptance 
e cost 

Commwty acceptance 

The above cnteria are described rn the CERCLA EPA gwdance document (EPA 1988a) The ubal two 

criteria are considered threshold cntena because these alternabves must be satlsfied before further 
consideration of the remamug mteria The next five mtena are considered the pnmary mtena on whch 
the analysis is based The final two mtena state and commumty acceptance are addressed durrng the final 
decision malung process after complebon of the FS/CMS A more detaded desmpbon of each mtena 
follows 

Overall Protection of Human Health and the Environment 

The alternatives wdl be mdmdually analyzed to determine whether they prowde adequate protecbon of 
human health and the enwonment The protecbveness evaluabon focuses on how the risks posed by each 
pathway are berng ehmated reduced or controlled by treatment engmeenng, or msbtubonal measures 
This evaluation wdl consider the pornt of departure yardstick prehmady and revlsed remedlation goals 
and EPA s lx104 to lxl0 acceptable nsk range 

Comdiance wth ARARq 

Each alternative wdl be analyzed to determrne whether it wdl comply wth all state and federal ARARs that 
have been identlfied The analysls wdl address complrance wth chemical spcdc, location spedic and 
action spedic ARARs If an alternative wdl not comply wth an ARAR the FS report wdl present the basis 
for justlfymg a waver 

Lone Term Effectiveness and Pema nenq 

Ths criterion assesses the nsks that r e m u  at the site after the response objedrves have been met The 
risks assoaated wth any remamng untreated wastes or treatment residuals wdl be evaluated For each 
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alternative the magmtude of the residual nsk and the rehabhty and adequacy of the controls used to 
manage untreated wastes and treatment residuals wdl be addressed 

Reduction of Toxicitv. Mobilitv. or Volume Throutrh Treatm ent 

Thls critenon evaluates the statutory preference of selectq remedlal amons that permanently reduce 
toxlcity mobhty or volume of the hazardous matenals Factors evaluated for each alternabve d d u d e  
the proposed treatment process and the matenals treated the quantity of matenals to be treated or 
destroyed and how the pnmary hazardous threat wdl be addressed the estmated degree of the reduchon 
m toxlaty mobhty or volume that wdl be adueved the extent to whch the treatment wdl be vreversible 
the type and quanbty of treatment residuals that wdl remam followmg treatment and the determmabon 
whether the alternative wdl comply wth the statutory preference for treatment 

Short Term E ffectiveness 

Short term effectiveness refers to the effects an alternative may have dumg construcbon and mplementation 
phases untd the cleanup objectives have been acheved Alternatives wdl be evaluated to determme the 
effects on human health and the enwonment durtng mplementabon Each alternative wdl be assessed 
agamt the followg factors protection of the commumty and workers duMg the remehal action 
enwonmental mpacts and the tune requved to adueve the remedlal action objechves 

Th~s criterion assesses the techcal  and admmstrative feasibhty of mplementmg an alternatwe and the 
avadabihty of necessary semces and matenals The followmg factors wdl be analyzed dumg the 
implementabihty assessment the t e h c a l  feasibhty of construcbon and operabon the rehabhty of the 
technology the practicabhty of employmg addlbonal remedlal acbons the abhty to momtor the effectweness 
of the remedial action admmstrabve coordmahon wth other offices and agenues the avadabhty of 
adequate offsite hazardous (or maed) waste treatment storage and dsposal and the avadabhty of 
eqmpment experhse and other semces and matenals 

A cost estmate wdl be prepared and If necessary a cost sensibwty analysls d be prepared to evaluate 
costing assumptions Capital costs d u d e  duect construmon costs mdrrect non construcbon costs, and 
overhead costs Operatmg and mamtenance costs are mcurred after construmon m order to operate the 
remedial action on a contmuous basis und the remedlal acbon objemves have been adueved Fs cost 
estimates are expected to be wthm an accuracy range of mmus 30 percent to plus 50 percent If &IS 

accuracy cannot be acheved the fact (wth supportmg documentation) d be stated m the FS report 
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A costs sensihwty analysis may be conducted to determme the effect that spedic cost assumptions have on 
the total estunated cost of an alternatwe The cost assumptions wdl be based on site specdic data 
technologd operatmg data etc although the assumpt~ons d be subject to varymg degrees of uncertamty 
dependmg on the accuracy of the data 

Sate A c c ~ D ~ ~  nce 

Th~s  mtenon addresses the states admmstratwe and t e h c a l  issues and concerns wth each of the 
alternatives 

Communitv A C C ~ D ~  nce 

The commuty acceptance program addresses the publrc s concerns and issues wth each of the alternatives 

63 TASK 11 FEASIBILITY STUDY REPORT 

The FS report d contam a narrative drscussion of each alternatwe s evaluabon agamst the m e  mteria 
hsted above As  wth the RI report the FS report d address both the alluwal and bedrock components 
of the site There is a potential for different alternatives to be considered for the bedrock than for the 
uppermost aqulfer The narrative wdl desmbe how each alternative addresses the t e h c a l  treatabhty 
issues long term and short term effectiveness costs protechon of human health and the enwonment 
compliance wth ARAFts etc Once the alternatwes have been desmbed, a comparative analysls wdl be 
conducted to evaluate the relative performance of each alternatwe The relabve advantages and 
disadvantages of each alternatwe wth respect to the other alternatives d be determmed m order to assess 
the key tradeoffs that must be made m selectmg a remedtal adon A candtdate aiternatm must generally 
attam the pnmary objectives of complrance wth ARARs and overall protection of human health and the 
enwonment in order for it to be elrpble for selechon as the remedtal action A narratwe drscussion of the 
alternatives cornpanson desmbmg the tradeoffs benefits and shortcomings of each alternatwe m cornpanson 
to the others d be mcluded m the FS report 

Follovmg completion of the FS process the results of the detaded alternatwes compatvon and mk 
management d be used as the rabonale for selectmg a preferred alternatwe and a remeQal acbon 
Although the purpose of the FS report and process 1s not to select a remedal achon, It wdl present and 
evaluate the alternatives m saiaent  detad m order to objectively conslder all @cant mues and select 
a feasible cost effective and defensible remedtal adon 

The FS Report d present a desmphon of the feasibhty study and its results The report d d u d e  
sections desmbmg site background nature and extent of problem summary results of the RI nsk 
assessment and enwonmental evaluabon identrficahon, screesung, and detaded evaluatron of remedtal 
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alternatives and the recommended remedial acuons Tlus task mcludes development 
rewsed Draft FS that mcorporates EPA and CDH comments and preparauon of 
mcorporates pubhc comments 

As wth the RFI/RI some pomons of the CMS/F'S may be conducted separately for 

of a Draft FS a 
a Fmal FS that 

the bedrock and 
alluwal components of the site It I llkely that remediatron requvements wdl not be the same for the 
bedrock as for the upper hydrostrahgrapluc u t  (HSU) However both the bedroJl and alluwum wdl be 
addressed durmg the CMS/FS and only one C M S m  report 4 be prepared 
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7 0  
SCHEDULE 

The schedule for conductrng the Phase 11 RFI/RIFS IS summanzed m F w e  7 1 The schedule mcludes 
both the al lu~al  and bedrock components of the RFI/RI and the Correctwe Measures Study/Feasibhty 
Study (CMS/FS) acbmbes Dates are not shown however the schedule IS conastent w~th the IAG 
schedules 

After the field program outbed m the FSP IS complete sample analym and data vahdabon WLU be 
conducted followed by m t e m  data evaluabon Adhbonal field mveswbon may be requrred to further 
charactexme the site If necessary and to sawfy data needs and data quahty ohectwes for the CMS/FS 
After adhtional field mvesbgabon, there d be further sample analym and data vahdation, data evaluabon 
and preparation of the draft and fmal RFI/RI reports 

Durmg RFI/RI report preparabon, on gomg treatabhty stuhes be m progress and the CMS/FS d 
start The CMS/FS wdl mclude remehal alternabves development and scree- and detaded analysis of 
alternatwes Accordmg to thts schedule nearly 4 years d elapse from the m e  this work plan 1s finahzed 
untd the final CMS/FS report IS lssued 
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e 
8 0  

FIELD SAMPLING PLAN 

8 1  BACKGROUND 

* 
The objecbves of the bedrock component of the Phase 11 RFI/RI are to adequately chatactenzc the bedrock 
to support the basehe mk assessment and to suftiaently charactem the nature and extent of bedrock 
contammabon to support the feaslbhty study further nsk assessment, and, If necessary remedlal desw 
W i t h  these broad objedves site speclfic data needs have been identdied m Seaon 4 0 The purpose of 
thls secbon of the work plan IS to provlde a Field Sampllng Plan (FSP) that WIU address these data needs 
and desmbe the work requved to ful6ll the data quabty objectrves (DQOs) 

The Phase I1 RFI/RI for Operable Umt 2 has been dmded mto a bedrock component and an allwal 
component Ths field sampllng plan desmbes the bedrock component of the Phase II RFI/RI The alluvlal 
component desmbed m a prevlously prepared work plan (EG&G 1990~) mcludes both source and plume 
charactemtion w t h  the upper hydrostrattgraphtc urut (HSU) 

The bedrock component of OU2 Phase XI RFI/RI mcludes plume charactemabon wthm the lower HSU 
(see Subsemon 2 3  Site Conceptual Model and Sechon 4 0  Data Needs and Data Quahty Objectives) 
Three potential sources of contammahon may occur m bedrock (1) plumes of dmolved (aqueous phase) 
contammants m the upper HSU (2) pools or pockets of dense non aqueous phase Lqud contarmnants near 
the bottom of the upper HSU and (3) wdentdied plumes from off ate sources located topographtcally 
and/or hydraulically upgraQent of the site These sources are the targets for the bedrock borehole sampllng 
and momtomg well programs 

' 
The samphg activlties requued to charactem the bedrock wdl mvolve d d m g  20 boreholes and tnstahg 
approxlmately 38 groundwater moxutortng wells As &cussed ~tl more detad m Subsechon 8.2, these 20 
locations have been identdied to confirm var~ous srgruficant features, to venfy the pro@ geologrc model, 
and to estabhsh stratgraphc control for clusters of boreholes and wells for the Phase I1 RFI/RI 
mvestigation 

All samphg and analysls actmhes wdl be conducted accordmg to the project Health and Safety Plan (HSP) 
and the Sample Analyss Plan (SAP) The SAP wdl d u d e  the Standard Opera- Procedures (SOPS) and 
the Qual~ty Assurance Project Plan (QAPjP) whtch were under development at the tune tlys work plan was 

bemg prepared A project spedic Quahty Assurance Addendum (OM)  1s also under development to 
supplement the QAPjP 
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8.2 FIELD SAMPLING 

8.2 1 Samplmg Rationale 

Fgure 8 1 shows the locahons of 20 proposed well/borehole clusters These 20 cluster sites have been 
selected based on the results of the Phase RI whch mcluded 10 a l l d  wells and 14 bedrock momtorrag 
wells and on the ongomg site geologc charactemahon After thrs round of d d m g  and samphg, the 
workmg hydrogeologc site model ud be rewsed. In addmon, the mvesbgahon wdl m&cate either that 
sgdicant bedrock contarmnahon emts or that it appears not to The scope of subsequent steps to fill data 
gaps may depend on the field results of the proposed mvesbgahon 

Figure 8 2 presents a flow hagram demonstratmg the scope and sequenung of subsequent steps of the 
RFI/RI field mveshgabon that d be reqwed dependmg on the mtenm results obtamed after the proposed 
bormg and samphg program If bedrock contammahon IS not idenbfied, subsequent steps may conslst of 
demonstratmg that potenhal pathways have been sufFiuently c h a r a c t e d  to conclude that contammahon 
does not exstmg along any potenhd pathway and to prowde a suffiaent data set for the baselme nsk 
assessment 

After the proposed mvesbgauon has been conducted, the requrements for further sampkng ud be 
estabhshed based on the rahonale presented m t h ~ ~  Field Sampbg Plan These raclonale mclude two 

questions is the site conceptual model adequately desmbed, geologcally and hydrogeololpcally and IS the 
newly collected data set suffiuent to conduct the baselme nsk assessment The work may be reduected 
based on mtem field results by EG&G and on ongomg evaluahon of the data Geoiolpc and chermstry data 
d be evaluated as it IS obtamed EG&G d duect the contmuous updatmg of the hydrogeologc site 
model throughout thts mveshgahon 

The physical properties and contammahon of the bedrock mmedrately beneath and downgradrent of the 
potential bedrock source areas identrfied durtng the alluwal RI Wrll be charactertzed by laboratory physical 
and chemical analyss of bedrock samples and by chemical andysls of groundwater obtamcd from wells 
mtalled m the mtervals of mterest Charactemahon of unweathered bedrock chermstry WIU be based solely 
on groundwater chemlstry testmg Selechon of well screen mtervals WIII be based on mpectmg the core 
samples for the presence of sandstone hthology weathetrng and fracturm& and wsual presence of 
contammation 

Lmited hydraullc conduchwty dormahon IS currently avadable for the bedrock The results of packer tests 
conducted d w g  the Phase I RI do not mmcate a s@cant ddference m hydraultc conductrvlty between 
the unweathered sandstone and the claystone However geologc mterpretahon mdcates the lower 
sandstones may control the groundwater flow r e p e  m the lower HSU(s) All of the hydraultc conduchwty 
values measured m the unweathered bedrock were relahvely low on the order of 1 x la6 to 1 x 10-8 cm/sec I )  
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Hydraullc conductmty measurements performed tll the ddferent htholog~c wts wdl, therefore be an 
mportant part of charactenmg the bedrock hydrogeology Packer tests wdl be conducted m rock cored 
secuons of the central borehole at each cluster locahon, and slug tests wdl be conducted m all wells The 
packer testmg program wdl concentrate on dstmgudmg the hydraukc conductmbes of the unweathered 
claystones and sdtstones from those of the unweathered sandstones Slug test results wdl be used to 
dstmgwsh hydrauhc conductmty of unweathered claystone from that of weathered claystone However slug 
tests may be unsuccessful If small saturated thtcknesses (1 e less than about 3 feet) are found hhally 
conventional pumpout tests wdl not be conducted m the claystone and lower sandstones because the wells 
are not expected to yeld suffiuent quanhhes of water to make a prac td  method Hydraukc head and 
hydraullc conductmy data wdl be used to develop potenhomemc surface maps and/or flow nets for the 
various hthologx mtervals 

8 2 2  Boreholes 

Location and depth cntena for boreholes are presented m Table 8 1 Typically the boreholes wdl be 
relatively deep on the order of 100 to 300 feet however there are several shallower boreholes proposed 
toward the bottom of the h~llside to the southeast of the 903 Pad area, Seventeen of the boreholes wdl 
penetrate the Arapahoe Formahon Sandstone No 5 mterval, and three boreholes wdl fully penetrate the 
Arapahoe Formation 

Lithology of all boreholes mcludmg holes W e d  for wells, wdl be logged the enhre depth m accordance unth 
SOP Number GT 1 hggq Alluvlal and Bedrock M a t e d  L0gg;mg wdl be based on contwous hthologrc 
samplmg of the boreholes Samphg sods above the bedrock wdl be conducted usmg hollow stem auger 
contmuous comg tecbxuques Once bedrock IS encountered, grouted casmg d be embedded mto the 
bedrock to solate the alluwum from the bedrock pnor to further dtrllmg (see SOP Number GT3 Isolatmg 
Bedrock from Alluwum wth Grouted Surface Casmg) SOP Number GT3 rqua that the surface casmg 
embedment be 2 feet mto the weathered bedrock However the mtent IS to place the bottom of the casmg 
approxunately 2 feet below the rnterface descnbmg a substautml redumon rn hydrauhc condu&wty If the 
uppermost weathered bedrock 1s highly weathered and/or fractured, tlus embedment depth wdl be adjusted 
downward A conservahve approach wdl be used early m the program wth mung embedment mto the 
bedrock on the order of 5 feet The EG&G prqect hydrogeologrst respaoslble for the ongomg 
hydrogeolopc site charactemahon wdl be responsrble for establtshrng and documentmg protocols for surface 
caslng embedment after the first several boreholes are completed and evaluated 

Weathered bedrock wdl also be dded and sampled usmg hollow stem auger contmuous cmng techmques 
Hollow stem auger contmuous core runs wdl be 2 feet long m the allmum and weathered bedrock Once 
the weathered bedrock has been fully penetrated, NX rock core samplrng technrques UIII be used wth 
carbide or dmmond bits usmg au and/or potable water NX core runs d not exceed 5 feet m length 
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A dscrete sample for potenhal laboratory volatde orgamc analysls (VOA) wdl be obtamed from each 2 foot 
long contmuous sod and weathered rock sample Out of 3 sequentral samples one wdl be selected for VOA 
based on screemg with an or-c vapor detector (OW) and on the degree of weathenag or fractumg 
of the core Samples dsplaymg a hlgher degree of fractumg and/or weathenng wdl be preferred for 
analysls Chemical analyses other than VOA wdl be conducted on samples composited from the remwuq 
matenal from the 3 sequenhal2 foot samples (see SOP Number 3 2, Dnlkng and Samplmg Usmg Hollow 
Stem Auger Techques) Collemon of samples for chemcal analysls wdl start approxlmately 5 feet above 
bedrock (estmated based on Phase I RI and Phase II a l I u d  RF'I/RI results) and contmue to the base of 
the weathered bedrock Fqpre 8 3 shows a schemahc representahon of sam- requvements The 
borehole/well cluster locahons were generally not located to search for small depressions where dense non 
aqueous phase hquds may collect However durrng dnllmg, samples of weathered and unweathered 
bedrock d be screened usmg an OVD HI& concentrahons of voWe organtc compounds could 
potentially mQcate the presence of non aqueous phases of contarmnants 

Borehole hydrauhc conduamty tests (pumpm packer tests) wdl be conducted at selected 10-foot mtervals 
m the NX cored unweathered bedrock wthxn the central borehole at each cluster Slngle packer tests WIII 
be conducted at selected mtervals less than 10 feet m length after a 10-foot segment of hole 1s advanced 
Packer test procedures are even m SOP Number 2 3  Pump-In Borehole Packer Testmg Packer test 
mtervals d be selected by the project bydrogeolog~st based on hthology and degree of weathenng and 
fracturmg 

The physical charactemhcs of the weathered and unweathered bedrock wdl be evaluated based on standard 
material properbes such as gram s~ze dstnbuhon and Atterberg h t s  Laboratory hydrauhc conductmy 
tests wrll be conducted on at least two samples of sandstone from each l~thololpc mterval of the lower 
sandstones (ie Arapahoe Formahon Sandstone Nos 2, 3 4 and 5) S d a r l y  laboratory hydraubc 
conduchmty tests d be conducted on at least elght samples each of Weathered claystone and unweathered 
claystone Selechon of samples for testmg wdl be made by the project hydrogeolopt responsible for the 
ongomg geohydrologx site charactemahon The laboratory hydraulic mduchwty tests wdl generally be 
conducted to measure verbcal hydrauhc condummty however at the project hydrogeol~t  s ducrehon 
horlzontal tests should also be conducted If it appears that they can be successfully completed wth the 
avadable samples 

The central borehole at each cluster wdl be logged geophysically from the base of the cased off alluwum to 
the bottom of the hole m order to obtam addihonal strattgraphc dormahon Strattgraphc correlahon 
between geophysical logs wdl a d  the mterpretahon of the geologrc extent of identdied u t s  SOIUC log data 
d assst the mtegrahon of the w~stmg msmc data wth the ongoq geolwc charactemahon program 
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Borehole geophysical 10- wdl be conducted m accordance wth SOP GT 15 ~mmed~ately after d d m g  

and samplmg actmbes have been completed and before the hole I cased or abandoned Geophysical 
l o w g  wdl consst of a full sute of downhole logs mcludmg 

Temperature 
Flud resstmty 
Spontaneous potenhal 
Resistmty 16 + 64 

Indudon 
Gamma gamma denslty 
Neutron 
Natural gamma ray 
Somc log (full wave form) 
Cahper log 

At the drscretion of the EG&G project hydrogeolopt boreholes may be completed as wells SOPS GT 3 
and GT 6 apply to casmgs and well complebons respecmely If the bottom of the well screen mtervd I 
not at the bottom of the borehole the pornon of the borehole below the screen udl be properly grouted 
prior to well construcbon Well screens wdl not be placed m zones that have been packer tested If a well 
is completed at the bottom of a borehole hydraulic conductmty wdl be evaluated by means of a pumpout 
or bad down recovery test If not completed as wells abandonment of boreholes wJ1 be conducted m 
accordance wth SOP Number G T 5  Pluggrng and Abandonment of Boreholes 

0 

823 Groundwater Monitoring Wells 

The mvestigatlon outhed m Table 8-1 WIII mvohre mtallrng 2 mch drameter groundwater momtonng wells 
Unless o theme dtrected by the project hydrogeologq wells wdl be constructed W I ~  15 feet of the 
central borehole at each cluster For pl- purposes, 38 wells are anbupated dumg the mvestqabon 
however the mtallahon of a number of these wells wJ1 be contmgent upon whether or not certam mtervals 
of sandstone are found at some of the duster Iocat~ons In other words a well targeted for a parbcular 
sandstone mterval may not be constructed If sandstone 1s not found at that depth mterval m the borehole 
unless the project hydrogeologst deterrmnes a well at that locabon and depth would be benefiaal Depth 
critena for antmpated screened intervals are presented m Table 8-1 Wells be developed accordmg to 
SOP No GW 2 Well Development 

Wells that are scheduled to be screened m sandstone wdl be screened m the mterval mdrcated m Table 8 1 
If that hthology IS encountered m the borehole made for the well However screen mtcrvals for wells m 
both weathered and unweathered claystone may depend on the degree of weathemg or fractumg observed 
m the core The EG&G field hydrogeolopt designated to superme well mstallauon and loggmg may select 0 
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the screened mterval based on the amount of weathenng or fracturing observed and assumed to represent 
potential secondary hydrauhc conductmty Relabvely weathered or fractured zones wdl be preferred for well 
screen mtervals O t h e m e  the screened sect~ons wdl be placed mid depth between the overlymg and 
underlymg sandstone mtervals The screened mterval of wells mtalled m unweathered claystone vnll be 
10 feet m length 

The bedrock wdl be lsolated from potential contammahon by groundwater from the upper HSU usmg 
grouted casmg Slmllarly d zones of contammated bedrock wdl be penetrated dumg the constructton of 
wells screened beneath those contammated zones nested surface c a s q  wdl be provlded to Isolate the 
screened lnterval of the wells from the overlymg potenhal contammahon 

The RFI/RI d be based on at least one round of groundwater chewtry analysis from each well 
However there IS a potenbal for more rounds of data to be awlable for some of the earher wells 
Groundwater measurements and samplmg wdl be conducted accordmg to SOP No GW 1 Water Level 
Measurements ln Wells and Piezometers SOP No GW5 Measurement for Groundwater Field Parameters 
and SOP No GW6 Groundwater Sampllng Water level measurements wdl be obtamed monthly 
throughout the field mvestrgabon Dumg groundwater samplmg, an mterface probe wdl be used to check 
for the presence of low and h.lgh density non aqueous phase hquds m wells where prmous characteruabons 
of alluwal groundwater mdxate they may be present If they are detected, a drscrete sampler wdl be used 
to sample them before purgmg the well for water samples Detaded procedures are presented m SOPA 
Number 10 1 m Section 10 0 

There IS a potential for some wells, prxmdy those completed m claystone to produce water slowly enough 
that they can not be sampled usmg convenbonal methods (I e purgrng pnor to samplmg) In these wells 
two alternatives wdl be used to obtam samples 

In weathered claystone where the alluwal RFI/RI results mdxate relabvely h& 
concentrabons of volatde orgmc compounds (ie greater than about 1 percent of the 
saturation concentrabon m water) a convenbonal well Wrll be lnstalied to check for non 
aqueous phase ltqluds Samplmg wdl be conducted by purging one borehole volume and 
obtammg the sample as soon as possible Convenbonal wells wdl also be lnstalled d m the 
opmon of the EG&G field hydrogeologrst, there appears to be suffiaent ptunary or 
secondary hydraulrc conductmty for the well to be successful based on the appearance of 
the core 

In weathered and unweathered claystone where there do not appear to be relabvely h& 
concentrabons of volatde or semmlattle 0-c compounds and where the core IS 

relatwely unfractured and a convenbonal well IS anbupated to be meffectm a convenbonal 
well d not be mtalled, but rather an electromc or pneumatx piezometer bp and a 
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porous stone type solated sampler (e g BAT system sampler) wdl be nufled 111 the 
uncased bottom of the borehole An SOP for nutallahon of electromc and pneumatrc 
piezometers and porous stone type lsolated groundwater samplers was under development 
dmng the preparabon of this work plan 

82 4 Location Surveying 

Locations of all boreholes and wells wdl be surveyed 111 accordance wth SOP GT 17 Three elevabm wdl 
be determmed for each well ground surface top of well casmg, and top of surface camg. Locatrons are 
based on State Plane reference and elevabons are feet above mean sea level (USGS datum) 

82.5 Data Reporting Requirements 

Field data wdl be lnput lnto the R E D S  enwonmental database to sat@ QA/QC reqwements outltned 
m the QAPjP and QAA us- a remote data entry module supphed by EG&G Data wdl be entered on a 

mely basis and dskettes wdl be dehvered to EG&G A hard copy report wdl be generated from the 
module for contractor use The data wdl be put through a presmbed QC process based on a SOPA to be 
generated by EG&G 

83 SAMPLE ANALYSIS 

83 1 So11 Samples from Boreboles 

Sod samples wrll be collected for chemcal analyss from sod and weathered bedrock, as &cussed ln 

Subsections 8 1 and 8 2 Samples desqpated for analym (see Subseaon 8.2) wdl be analyzed for the 
chemical parameters hted 111 Table 8-2 m accordance wth the QAPjP and QAA 

8312 P h v s i c a l m  i 

Physical analysls on sod and bedrock samples wdl conslst of classdicabon (ASTM [Amencan Soclety for 
Testmg and Matenals] D2488) mosture content (ASTM D2216) and dry density for mtact samples (ASTM 

D2216) Laboratory classtficatron tests wdl consst of gram slzc dstnbuhon (ASTM D422) (mcludmg 
hydrometer analyss) and Atterbcrg huts (ASTM D4318) Laboratory cladicat~ons wdl be conducted for 
a m m u m  of 10 samples of each general bedrock matenal type Laboratory hydraultc conductmty tests 
wrll be flexlble wall tests usmg a tnaxlal cell wth a confirung pressure appraxunatmg that of the overburden 
pressure 
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TABLE 8 2 

a 

PHASE I1 RFI/RI 
SOIL, BEDROCK, AND GROUNDWATER SAMPLING 

ANALYTES AND COMPOUNDS 
OPERABLE UNIT 2 

METALS 

Target Analyte Lst Sod and Bedrock Target Analyte Lst  Groundwater 

Alumlnum 
Antmony 
Arsemc 
Barium 
Beryhum 
Cadmium 
CalClUm 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selemum 
Sdver 
Sodium 
Thakum 
VanadJum 
ZlnC 

Alumlnum 
Antmony 
Arsemc 
BalWlIl 
Beryllium 
CadmlUm 
CalClUm 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selemum 
Sdver 
Sodlum 
Th&um 
Vanadlum 
ZlnC 

Other Metals Other Metals 

Molybdenum 
Cesium 
Stronhum 
Llthlum 
Tln 

Q 

Molybdenum 
CCSlUm 
Strontium 
Lithlum 
TlIl 
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TABLE 8 2 

PHASE I1 RFI/RI 
SOIL, BEDROCK, AND GROUNDWATER SAMPLING 

ANALYTES AND COMPOUNDS 
OPERABLE UNIT 2 

(Contmued) 

OTHER INORGANICS Sod and Bedrock FIELD PARAMETERS Groundwater 

PH 
Nitrate 
Percent Sohds 
Cymde 
Moature Content 

PH 
Spedic Conductance 
Temperature 

INDICATORS Groundwater 

Total Dtssolved Sohds 

ANIONS Groundwater 

Carbonate 
Bicarbonate 
cldorlde 
Sulfate 
Nitrate as N 
Cyaoude 

DISSOLVED RADIONUCLIDES Sod and DISSOLVED RADIONUCLIDES Groundwater 
Bedrock 

Gross Alpha 
Gross Beta 
Urmum 233+234 235 and 238 
Amenuum 241 
Plutomum 239 + 240 
TntlUm 
Stronuum 90 89 
Cesium 137 

Gross Alpha 
Gross Beta 
Urmum 233+234 235 and 238 
Amenuum 241 
Plutomum 239+240 
Tntlw 
Stronhum 90 
Cesium 137 
Rahum226 228 
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TABLE 8 2 

PHASE 11 RFI/RI 
SOIL BEDROCK, AND GROUNDWATER SAMPLING 

ANALYTES AND COMPOUNDS 
OPERABLE UNlT 2 

(Conhnued) 

ORGANICS VOLATILES 

Target Compound List Sod and 
Bedrock 

Chloromethane 
Bromomethane 
Vmyl Chloride 
Chloroethane 
Methylene Chlonde 
Acetone 
Carbon Disulfide 
11 Drchloroethene 
11 Dichloroethane 
total 12  Dichloroetbene 
Chloroform 
12 Dichloroethane 
2 Butanone 
11  1 Tnchloroethane 
Carbon tetrachlonde 
Vmyl Acetate 
Bromo&chloromethane 
1 1 2 2 Tetrachloroethane 
1 2  Dichloropropane 
trans 1 3  Dichloropropene 
Tnchloroethene 
Dibromochloromethane 
1 12  Tnchloroethane 
Benzene 
CIS 1 3  Dichloropropene 
Bromoform 
2 Hexanone 
4MethyI 2 pentanone 
Tetrachloroethene 
Toluene 
Chlorobenzene 
Ethyl Benzene 
Styrene 
Total Xylenes 

Target Compound h t  Groundwater 

Chloromethane 
Bromomethaue 
Vmyl Chlonde 
Chloroethane 
Methylene Chlonde 
Acetone 
Carbon Disulfide 
11 Dichloroethene 
11  Dichloroethane 
total 1 2  Dichloroetbene 
Cbloroform 
1 2  Dichloroethane 
2 Butanone 
1 1  1 Tnchloroethane 
Carbon tetrachlonde 
Vmyl Acetate 
Bromodxhloromethane 
1 152  Tetrachloroethane 
1 2  Dichloropropane 
trans l+Dicbloropropene 
Tnchloroethene 
Dibromochloromethane 
1 1 2 Tnchloroethane 
Benzene 
CIS l+Dichloropropene 
Bromoform 
2 Hexanone 
4-Methyl 2 pentanone 
Tetrachloroethcne 
Toluene 
Chlorobenzene 
Ethyl Benzene 
Styrene 
Total Xylenes 
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TABLE 8 2 

PHASE I1 RFI/RI 
SOIL, BEDROCK, AND GROUNDWATER SAMPLING 

ANALYTES AND COMPOUNDS 
OPERABLE UNIT 2 

(Continued) 

ORGANICS SEMI VOLATILES 

Target Compound Lst Sod and 
Bedrock 

Phenol 
bs(2 Chloroethy1)ether 
2 Chlorophenol 
1 3  Dichlorobenzene 
1 CDichlorobenzene 
Benzyl Alcohol 
1 2 Dichlorobenzene 
2 Methylphenol 
bis(2 Chlorosopropy1)ether 
CMethylphenol 
N Nitroso-Dipropylamme 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2 Nitrophenol 
2 CDmethylphenol 
Benzoic Aad 
bis(2 Chloroethoxy)methaae 
2 CDichlorphenol 
1 2,CTnchlorobenzene 
Naphthalene 
CChloroadme 
Hexachlorobutachene 
CChloro 3 methylphenol 

(para chloro-meta cresol) 
2 Methylnaphthalene 
Hexachlorocyclopentadrene 
5 4  6-Tnchlorophenol 
543 Tnchlorophenol 
2 Chloronaphthalene 
2 N i t r o d e  
Dmethylphthalat e 
Acenaphthylene 
3 N i t r o d e  
Acenaphthene 

Target Compound Lut Groundwater 

Phenol 
b 4 2  Chloroethy1)ether 
2 Chlorophenol 
1 3  Dichlorobenzene 
1 CDichlorobenzene 
Benzyl Alcohol 
1 2  Dichlorobenzene 
2 Methylphenol 
bs(2 Chlorouopropy1)ether 
CMethylphenol 
N Nitroso-Dipropylamme 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2 Nitrophenol 
2,CDmethylphenol 
Benzoic Aud 
bu(2 Chloroethoxy)methane 
2,rl-Dichlorphenol 
&2,4Trichlorobenzene 
Naphthalene 
CChloroamhe 
Hexachlorobutachene 
4-Chloro-3 methylphenol 

(para chloro-meta cresol) 
2 Methylnaphthalene 
HexachlorocycIopentadrene 
5 4  6-Tnchlorophenol 
2,4 5 Tnchlorophenol 
2 Chloronaphthalene 
2 N i t r o d e  
Dmcthylphthalate 
Acenaphthylene 
fNrtro&e 
Acenaphthene 
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TABLE 8-2 

PHASE 11 RFl/RI 
SOIL, BEDROCK, AND GROUNDWATER SAMPLING 

ANAL3"ES AND COMPOUNDS 
OPERABLE UNIT 2 

(Continued) 

ORGANICS SEMI VOLATILES 

Target Compound Lat Sod and 
Bedrock 

5,CDmtrophenol 
CNitrophenol 
Dibenzo furan 
2 CDmtrotoluene 
5 6  Dmtrotoluene 
Diethylphthalate 
CChlorphenyl Phenyl ether 
Fluorene 
C N i t r o d e  
4 6-Dlnttro 2 methylphenol 
N mtrosodiphenylamme 
4-Bromophenyl Phenyl ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
DI n butylphthalate 
Fluor an thene 
Pyrene 
Butyl Benzylphthalate 
3 3 Dichlorobenudme 
B e m (  a)anthracene 
ba(2 ethylhexy1)phthalate 
Chrysene 
Di n octyl Phthalate 
Benzo(b) fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indene( 1 2,3-cd)pyrene 
Dibenz(a,h)anthracene 
Bem(g,h i)perYiene 

Target Compound Lst Groundwater 

2,4-Dmtrophenol 
4-Nitrophenol 
Dibemfuran 
2,CDmtrotoluene 
2,6-Dmtrotoluene 
Diethylphthalate 
CChlorphenyl Phenyl ether 
Fluorene 
C N i t r o d e  
4 6-Dmtro-2 methylphenol 
N mtrosdphenylmme 
4-Bromophenyl Phenyl ether 
Hexachlorobenzcne 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di n butylphthalate 
Fluoranthene 
Pyrene 
Butyl Benzylphthalate 
3 3 D~chlorobcnz~d~ne 
Benzo( a)anthracene 
bls(2 ethylhcxy1)phthalate 
Chryscne 
DI n octyl Phthalate 
Benzo(b)fluormthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indene( 1 2,3-cd)pyrene 
Dibenz(a,h)aathacene 
Benzo( g,h,i)perylene 
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TABLE 8-2 

PHASE I1 RFI/RI 
SOIL BEDROCK, AND GROUNDWATER SAMPLING 

ANALY”ES AND COMPOUNDS 
OPERABLE UNIT 2 

(Concluded) 

ORGANICS PESTICIDES/F’CBs 

Target Compound List Sods and 
Bedrock 

alpha BHC 
beta BHC 
delta BHC 
gamma BHC (Lmdane) 
Heptachlor 
Aldrln 
Heptachlor Epoxlde 
Endosulfan I 
D i e l h  
4 4  DDE 
Endnn 
Endosulfan I1 
4 4  DDD 
Endosulfan Sulfate 
4 4  DDT 
Endrm Ketone 
Methoxychlor 
alpha Chlordane 
gamma Chlordane 
Toxaphene 
AROCLOR 1016 
AROCLOR 1221 
AROCLOR 1232 
AROCLOR 1242 
AROCLOR 1248 
AROCLOR 1254 
AROCLOR 1260 

Target Compound LLEt Groundwater 

alpha BHC 
beta BHC 
delta BHC 
gamma BHC (Lmdane) 
Heptachlor 
A l h  
Heptachlor Epoxlde 
Endosulfan I 
Dieldrln 
4 4  DDE 
Endnn 
Endosulfan I1 
4 4  DDD 
Endosulfan Sulfate 
4 4  DDT 
Endnn Ketone 
Methoxychlor 
alpha Chlordane 
gamma Chlordane 
Toxaphene 
AROCLOR 1016 
AROCLOR 1221 
AROCLOR 1232 
AROCLOR 1242 
AROCLOR 1248 
AROCLOR 1254 
AROCLOR 1260 

Note Samples wdl also be tested for 0 phosphate Ammoma Shca (as Si or Si03 Dlssolved Orgamc 
Carbon (DOC) Total Orgamc Carbon (TOC) and Broxude Analyhcal procedures have not yet 
been selected for these analytes 
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832 Groundwater Samples 

Groundwater samples d be collected from all wells ideatdied m Subseaon 8 2  Samples d be measured 
m the field for pH speclfic conductance and temperature accordmg to SOP GW5 Measurement of 
Groundwater Field Parameters Laboratory analyses for d~ssolved metals wdl be performed on samples 
filtered m the field usmg a 0 45 pm cellulose acetate filter pnor to sample preservahon Dunng the mbal 
mvestigation samples wdl be analyzed for the parameters kited m Table 8 2 Subsequent sampbg iterahons 
may only requne analyses for contamraants of concern These may be identdied after the mhal 
mvestigation Samples d be analyzed m accordance wth the QAPjP and QAA 

833 Sample Containers and Preservation and Sample Control and Documentation 

Sample volume requnements preservabon techmques holdmg tunes, and contamer matenal requnements 
are dictated by the matm bemg sampled and by the analyses to be performed. The QAPjP and QAA ht 
the reqwements for samples collected and analyses speafied m this FSP 

Addmonal gudance on the appropnate use of matenals and preservahves IS prowded m SOP G T l 3  
Contamemg Presemng, Handling and Sluppmg of Soil and Water Samples 

Sample control and documentahon IS necessary to ensure the defenabhty of data and to venfy the quahty 
and quantity of work performed m the field Accountable documents d u d e  logbooks data collemon 
forms sample labels or tags cham of custody forms photographs and analyt~caI records and reports 
Guidance d e f w  the necessary sample control, identdicabon, and cham of custody documentahon IS 

discussed m SOP GT 13 Contamellpng, PreseMng, Handling and Shrppmg of Sod and Water Samples 

83 4 Field QC Procedures 

Sample duphcates field preservabon blanks and eqlupment MSate blanks wdl be prepared Tnp blanks wdl 
be obtamed from the laboratory The analpcal results obtamed for these samples d be used by the ER 
Project Manager to assess the quahty of the field samplmg effort The types of field QC samples to be 
collected and then apphcabon are dtscussed below The frequency wth wluch each type IS to be collected 
and analyzed IS prowded UI the QAA 

Duphcate samples d be collected by the samphg team and wdl be used as a relabve measure of the 
precwon of the sample colleaon process These samples d be collected at the same tune usmg the same 
procedures the Same eqlupment and m the same types of contamers as requned for the samples They w d  
also be preserved m the same manner and subrmtted for the same analyses as requved for the samples 
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Field blanks wd be prepared by the sampkng team m accordance wth the QAPjP and QAA and will be 
used to prowde an mctcabon of any contammabon mtroduced dunng field sample preparabon techxuque 

Equipment blanks (mate) d be collected from a final dtcontarmnabon m e  to evaluate the success of 
the field sampllng team s decontammabon efforts on nondedrcated sampllng eqmpment Eqmpment blanks 
are obtamed by r u m q  b a e d  water over sampllng eqmpment pnor to sample colleaon Eqwpment 
blanks are apphcable to all analyses for water and sod samples as mctcated ILL the QAPjP and QAA 

Tnp blanks wdl be prepared by the laboratory techtllaan and wdl accompany each slupment of water 
samples for volade orgamc analym Tnp blanks wdl be stored wth the group of samples wth whch they 
are assoclated A n a l p  of the tnp blank d mhcate any mlgrabon of volahle orgmcs or any problems 
assoaated wth the shpment handhg, or storage of the samples 

QA/QC blank samples will comast of MTM Type 11 laboratory reagent water The QAPjP o u h e s  sample 
preparabon reqwements Procedures for momtorvlg field QC are p e n  m the site wde QAPjP 
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9 0  
QUALlTY ASSURANCE ADDENDUM (QAA) 

The QAA for OU No 2 and the QAPP wdl be submitted to EPA and CDH as controlled documents under 
separate cover These documents wdl establsh speclfc QA controls apphcable to the field mvestlgabons 
for OU No 2 

The followmg items WIJI be presented m the QAA 

ER Program organlzabon and respousibhbes 
Data quahty objecbves 
Analytical methods and detecbon h i t s  for the FSP parameters 
EG&G SOPS apphcable to the field acbwbes 
Data reduction vahdation and reportmg reqwrements and gwdehes 
Document control spedicabons 
Information on sample contamers preservabon and holdmg tunes 
Cham of custody protocol 
Control of measumg and testmg eqwpment 
Handhng, storage and shpprng of samples 
Recordkeepmg 

e 
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10 0 
SOP ADDENDA (SOPA) 

10 1 SOP ADDENDUM TO SOP NO GW 6 DETECTION AND SAMPLING OF NON AQUEOUS 
PHASE LIQUIDS IN MONITORING WELLS 

10 1 1 Introducbon 

Wells screened across the bedrock/alluwal mterface or at other zones of verhd permeabhty contrast have 
the greatest potenbal for contammg dense non aqueous phase hqmds These wells and any other wells 
where dense or llght non aqueous phase hqwds are suspected d be checked for these contarmnaats dunng 
groundwater samphg Samples of the non aqueous phase hqmds wdl be collected If present 

10 1.2 Determination of the Depth and Thickness of Non Aqueous Phase Immiscible Layers 

The presence of mmlscible layers wdl be checked for usmg an mterface probe Pnor to use the mterface 
probe wdl be decontammated followmg SOP No FO 3 General Eqmpment Decontammabon The mterface 
probe wdl have Mermg sound tones or patterns to drstmgush between aqueous and mmisuble organrc 
layers As wth water level measurements the probe wdl be suffiuently accurate to measure water levels 
to the nearest 0 01 foot Manufacturer s mstrucbons and SOP No GW 1 Water Level Measurements In 
Wells and Piezometers wrll be followed to measure the depth to the bottom of the well, the depth to the 
non aqueous/aqueous layer mterface and the depth to the top of the water column or non aqueous layer/= 
mterface All depths wdl be recorded to the nearest 0 01 foot The probe wdl be moved slowly up and 
down to determme the pomt where the mdmtor tone or sound IS reproduubIy obtarned Measurements 
wll be considered reproduuble when consecuttve rea- do not M e r  by more than k002 foot The 
average of the reproducible rea- wdl be used to deterrmne the measurement level Care wdl be taken 
when lowerrng and rausmg the probe to mmmm rubbmg of the tape agamst the well camg Once 
measurement levels have been determmed the probe wdl be retneved and decontauunated accardq to SOP 
No FO 3 General Eqmpment Decontammabon 

1 @ 

10 1 3  Collechon of NOD Aqueous Phase Liquid Samples 

If detected non aqueous phase hqmd samples wdl be collected before pur= acbvlbes b c p  The method 
of choice for collectmg mmisuble layer samples IS dependent on the thrckness of the layer and the depth 
to the surface of the layer When the thrckness of the floatmg layer IS less than 2 feet, a pemtalttc pump 
or a bder  whch fills from the top wdl be used If the thrckness of the phase IS 2 feet or greater samples 
vnll be collected wth a bottom valve bder  Dense lmmlsuble hqmds wdl be collected wth a bottom a 
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0 

double check valve bader before p u r p g  the well In all cases care wdl be taken to carefully lower the 
bder  mto the well so that m m a l  qtabon of the mmsuble layer 1s achleved 

Eqmpment used for collectmg non aqueous phase hqwd samples wdl be cleaned before use AU sample 
contamers wdl consrst of bottles precleaned to EPA speaficahons The followrng procedure wdl be followed 
when samplang wells with mmlsuble layers 

0 The bder  and bader h e  wdl be precleaned followq the procedures outlmed m SOP No 
FO 3 General Equpment Decoritarmnabon 

Bders and h e  wdl be wrapped m alummum fod for transport to the field or from one site 
to the next 

0 The bader rntake wdl be carefully lowered to the midpomt of the mmsuble layer and the 
bader filled whde it 1s bemg held at this level The bder  wdl be lowered mto the 
mmlsuble layer slowly so that mtnunal agtabon of the mrmsuble layer occurs If a layer 
floatmg Mmsuble hqmd less than 2 feet hck 1s bemg collected, use a top-fihg bader or 
pemtalhc pump If a floatmg layer greater than 2 feet hck IS bemg collected, the bottom 
f ~ g  bder  or penstaltx pump 1s preferable If a dense hqud layer IS bemg collected, use 
the double check valve bder  

At no tune wdl the bder  or h e  be allowed to touch the ground or otherurlse come m 
contact with other objects that mqht mtroduce contarmnants mto the well 

Samphg wdl follow the procedures specdied for the collechon of volatde o r p c s  m SOP 
No GW 6 Groundwater Samphg 
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APPENDIX B 

ANALYTE CONCENTRATION TABLES 
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TABLE B 1B 

STATISTICS FOR INORGANIC (EXCEPT CHLORIDE) CONCENTRATIONS 
IN BACKGROUND WEATHERED CLAYSTONE GROUNDWATER SAMPLES 

(CONCENTRATION UNITS mg/l EXCEPT pH) 

Phase II RFl/lU Work Plan (&drOclr)-903 Pad Mound urd East Tzcncba Arrrc, Fml 
Rocky Flats Plant Golden colondo June 21 1991 
22578E/R2T B1B 06-1&91/RPT/3 Sheet 1 of 1 
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TABLE B 1C 

STATISTICS FOR CHLORIDE CONCENTRATIONS IN BACKGROUND 
NORTH ROCKY FLATS WEATHERED CLAYSTONE GROUNDWATER SAMPLES 

(CONCENTRATION UNITS mg/l EXCEPT pH) 

Phase XI RFI/RI Work Plan (Bedrock)-!HB Pad Mound and East Trench Areas, €5- 
Rocky Flats Plant Golden Colorado June 21 1991 
22578EIR2T BIC 061&9I/RPT/3 Sheet 1 of 1 
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TABLE B 1D 

STATISTICS FOR CHLORIDE CONCENTRATIONS IN BACKGROUND 
SOUTH ROCKY FLATS WEATHERED CLAYS"C)NE GROUNDWATER SAMPLES 

(CONCENTRATION UNITS mg/l EXCEPT pH) 

S.mpk Su 6 

Pelccn Detected s33 

clvnflsl m Metbod 

Phase II RFI/RI Work Plan (Bcdxock)-903 Pad Mound, md East Trenches Arrrc, Find 
Rocky mats Plant Golden Colorado June 21 1991 
U578E/RZT B1D 06-1&91/RPT/3 Sheet 1 of 1 
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TABLE B 2B 

STATISTICS FOR INORGANIC CONCENTRATIONS IN BACKGROUND 
WEATHERED SANDSTONE GROUNDWATER SAMPLES 

(CONCENTRATION UNITS mg/l EXCEPT pH) 

StUldUdDmrlO 18.0052 O m  om19 om24 03m 4Sa 

slmpl Sn 7 7 6 8 1 1 

P rcmt DetMed 100.0 OR OR 1001) 1001) 100.0 

M a w  Metbod 

Phase I1 RFI/RI Work Plan (Bedrock)-903 Pad Mound and East T~enchec Arrrr, F i  
Rocky Flats Plant Golden colorrdo June 21 1991 
22578E/IZ2T B2B &1&91/RPT/3 Sheet 1 of 1 
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TABLE B 2C 

STATISTICS FOR CHLORIDE CONCENTRATIONS IN BACKGROUND 
SOUTH ROCKY FLATS WEATHERED SANDSTONE GROUNDWATER SAMPLES 

(CONCENTRATION UNITS mg/l EXCEPT pH) 

Phase I1 RFI/RI Work plrn (Bedmdr)-903 P8d Mound and Est Trenches Arcas, Final 
Rocky Rats plant Golden Colorado June 21 1991 
22578E/RZT B2C 06-18-91/RPT/3 
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TABLE R3B 

STATISTICS FOR INORGANIC CONCENTRATIONS IN BACKGROUND 
NORTH ROCKY FLATS UNWEATHERED SANDSTONE GROUNDWATER SAMPLES 

(CONCENTRATION UNITS mg/l EXCEPT pH) 

n9l7 

ORlU 1OA 3.6 670.0 

0.0OSU 8.0 omu SBU 

Chsnfia Method A 

Phase I1 m/RI Work Plan (BcdrOcll>903 Pad Mound, mnd 13m Trenches Areas Fhal 
Rocky Flats Plant Golden Colorado June 21 1991 
22578E/R2T B3B 06-18-91/RPT/3 Sheet 1 of 1 



TABLE B 3C 

STATISTICS FOR CHLORIDE CONCENTRATIONS IN BACKGROUND 
NORTH ROCKY FLATS UNWEATHERED CLAYSTONE GROUNDWATER SAMPLES 

(CONCENTRATION UNITS mg/l EXCEPT pH) 

e 

a 
Phase II M/RI Work Plan (Bedmck)-W Pad, Momd and East Tm~chcs Arru, Find 
Rocky Fiats Plant Golden Colondo June 21 1991 
22578E/R2T B X  0&1&91/m/3 Sheet 1 of 1 
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TABLE B 3D 

STATISTICS FOR CHLORIDE CONCENTRATIONS IN BACKGROUND 
SOUTH ROCKY FLATS UNWEATHERED SANDS"€)N'E GROUNDWATER SAMPLES 

(CONCENTRATION UNITS mg/l EXCEPT pH) 

Phase II RFl/RI Work Plan (Bedrock)-903 Pad Mound and Eut Trenches Areas, E d  
Rocky Flats Plant Golden Colorado June 21 1991 
2257SE/R2T B3D 06-18-91/RPT/3 Sheet 1 of 1 
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TABLE B-4A 

SUMMARY OF WELLS USED FOR BACKGROUND 
CONCENTRATIONS OF DISSOLVED METALS 

Well Deslanahon Screened Fonnahon 

Bun189 KCL 
B203289 KCL 
B203489 KCL 
B203589 KCL 
BUJ3689 KCL 
B304889 KCL 
B305389 KCL 
B405489 KCL 

B203789 
B203889 
B203989 
B204Q89 
B204189 
B304289 
B304989 
Bas289 

B402189 
B405889 

B201189 
B20l289 
B205589 
B302089 
B401989 

B200589 
BUX)689 
B200789 
B2NB9 
B400189 
B400289 
B400389 
B400489 
B405586 
B405689 

KSSU 
Kssu 
KSSU 
KSSU 
KSSU 
KSSU 
Kssu 
Kssu 

KSSW 
Kssw 

QC 
QC 
QC 
QC 
QC 

QRF 
QRF 
QRF 
QRF 
QRF 
QRF 
QRF 
QRF 
QRF 
QRF 

Phase Il RFI/RI Work Plan (Bedrock)-903 Pad Mound, and East Trenches Areas, Fml 
RockyFlatsPlant Golden Colomdo June21 1591 
22578E/R2T B4A 06-19-91/RP"/3 Sheet 1 of 2 
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TABLE BAA 

SUMMARY OF WELLS USED FOR BACKGROUND 
CONCENTRATIONS OF DISSOLVED METALS 

(Concluded) 

Well Dewnabon Screened Formahon 

B102289 
B l W 9  
BU)2AS9 
B202589 
B302789 
B3M889 
B302989 
B402689 

QVF 
QVF 
QVF 
QVF 
QVF 
QVF 
QVF 
QVF 

KCL = Weathered Claystone 
KSSU = Unweathered Sandstone 
KSSW = Weathered Sandstone 
QC = Colluwum 
QRF = RoclryFlatsAllmum 
QVF = ValleyFillAlluvlum 

Phase I1 RFI/RI Work Plan (Fkdmck)-903 F’ad Mound, .ad E m  Trenches Arcas Fil 
Rocky Flats Plant Golden Worado June 21 1991 
22578E/IUT M A  06-19-91/RpL/3 Sheet 2 of 2 

I 



TABLE B-4B 

SUMMARY OF WELLS USED FOR BACKGROUND 
CONCENTRATIONS OF INORGANICS 

Well Desgnabon Screened Formabon 

B203189 
B203289 
B203489 
B203589 
B203fB 
B304889 
B305389 
B40m 

B20378!J 
BU)3889 
BUn989 
BU)4089 
BU)4189 
B304289 
B304989 
B405289 

B402189 
B405889 

B201189 
B2Ol.289 
B205589 
B302089 
B401989 

KCL 
KCL 
KCL 
KCL 
KCL 
KCL 
KCL 
KCL 

Kssu 
Kssu 
K!SU 
Kssu 
KSSU 
KSSU 
Kssu 
Kssu 

Kssw 
Kssw 

Qc 
QC 
QC 
QC 
QC 

QRF 
QRF 
QRF 
QRF 
QRF 
QRF 
QRF 
QRF 
QRF 
QRF 

Phase Il RFI/RI Work Plan (Beazodr>9(n Pad, Mound a d  East Trenches Arcas, F i  
Rocky Fiats Plant Golden colorrdo Juw 21 1991 
W78E/R2T B4B 06-19-91/RFT/3 Sheet 1 of 2 



TABLE B-4B 

SUMMARY OF WELLS USED FOR BACKGROUND 
CONCENTRATIONS OF INORGANICS 

(Concluded) 

Well Desqaahon Screened Format~on 

B102289 QVF 
B102389 QVF 
BU)2A89 QVF 
BU)2589 QVF 
B302789 QVF 
B302889 QVF 
B302989 QVF 
B303089 QVF 

nvr: - 

KCL = Weathered Claystone 
KSSU = Unweathered Sandstone 
KSSW = Weathered Sandstone 
QC = couuvlum 
QRF = RockyFlatsAlluwum 
QVF = ValleyFiAlluvlum 

0 
Phase II RFI/RI Work Plan (Bcdmck)-903 P.4 Mound and East Trrachec Arry F i  
Rocky Flats Plant, Golden Colorado June 21 1991 
22578E/RXI' B4B 06-1%91/IUT/3 



TABLE B4C 

SUMMARY OF WELLS USED FOR BACKGROUND 
EVALUATION OF GROUNDWA'IER RADIOCHEMISTRY 

~~~ 

Well Deslgnatron Screened Formahon 

B203189 KCL 
B203289 KCL 
B203489 KCL 
B203589 KCL 
Bu33689 KCL 
B304889 KCL 
B305389 KCL 
B405489 KCL 

Bun789 
B203889 
B203%9 
B-9 
B204189 
B304289 
B304989 
B405289 

B402189 
B405889 

B201189 
B20l289 
B205589 
B401989 

Bu)o589 
BUK)689 
BUK)789 
B200889 
B400189 
B400289 
B400389 
B400489 
B405586 
B405689 
B405789 

KSSU 
KSSU 
KSSU 
KSSU 
Kssu 
KSSU 
Kssu 
Kssu 

Kssw 
KSSW 

Qc 
QC 
QC 
Qc 

Wase II RFI/RI Work Plan OBedrodr>903 Pad Mound, and East Trrachef Arru, FmrJ 
Rocky Flats Plant, Golden Cklorado June 21 1991 
22578E/rn B4c 0619-91/m/3 
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TABLE B4C 

SUMMARY OF WELLS USED FOR BACKGROUND 
EVALUATION OF GROUNDWATER RADIOCHEMISTRY 

(Concluded) 

Well Dewnabon Screened Formatm 

B102289 
B102389 
B202489 
B2w89 
B302789 
B302889 
B302989 
B402689 

KCL = Weathered Claystone 
KSSU = Unweathered Sandstone 
KSSW = Weathered Sandstone 
QC = Colluvium 
QRF = RockyFlatsAUuvlum 
QVF = ValleyFdlAlluwum 

Phase 11 m/RI Work Plan (Bedmck)-903 P8d, Mounb, 8nd E.n Trrafher Areas, Fin8l 
Rocky Flats Plant Golden Colorado June 21 1991 
22578E/R2T B4C 06-19-91/RPT/3 Sheet 2 of 2 

*.. 



a m 

a 

R 

a 

* 

3 

* 

a 

* 

f 

I 

* 

b . 
f 

* 

f 



1 

w 

c E 

di a 

a 

d 

* 

B 

* c ). 

E 
IZI 



P 

4 
e 

a 

1 d 

n n  

r- 

5 *  E *  

E: I C  
8 %  t r l w  

n 

8 



a 

e 

r 



a 

E 

a 

E 



' 0  

e 

n 

b 



n 

.& * &  - 



a 

r 



n 

e 
J co 



fi L L L a L L L a 

L 

t 
k 
3 

3 
a +I 

L 

3 
9 
I 

3 
+I 
f 
0 

L 

P 
8 

3 

F B 

n L L L F 
t 
P 
0 

3 
L L 0 

I 

L L a 
k 
f 
! 
J 
+I 

L 1 
f 

A - z 8 
3 
c 

3 

L L F e F e 3 s P 
0 
+I 

3 t 
fl 
0 E 

L L J 
+I 
0 

L 3 
0 is" 

A 

f 
t 

A 

E! 
e. 
E 
e 
k 
e 

f 

L L Q c z 
3 
3 f 

a +I 

a 

+I 
a 
53 

2 
0 
3 

P 
k .. 
0 

L L L L w 4i ci 
t L L L L L L a z L 

2 
3 

1 
+I 0 

'd 
s" 
a 

a 
# - L L L 3 

3 
+I 

rz z rz z L L 3 
3 

3 
+I 

L 3 
+I 0 

3 
+I 
0 

L J 
I 
+I 

5 
+I 
t 
0 

p: L 9 
3 
+I 
d 

F c z 
c e g 
0 

L t 
0 

2! 
0 

L L 

i 0 

L L L L L L P L L L L 4 L L L 

1 
# m 
i a 

N 

01 +I 5 
t 

f a 
L( 

cI 

N 

0 

k 
+I 

0 n LI w P a - 9 
+( 

4 1 
! h 

1 k 
I- 

A 
P k 

t 
k 2 6 

8 
c. 
F 
c 8 

0 
8 
0 

Y F 
3 
+I a 

f 
3 
+I 

I! 
3 
44 

. 0 
8 
8 

A 

f 
3 . - a 

. P 
t s 

c. 

f 
4 - 

n E a 
8 

8 
3 . a 

Y tn 

f : 
I f 

" I I 





82 

YJ 

I I 



cI 

0 
s 

E 
t! 
t 

. P 
t 
3 



(.1 

t 

'Eo I 



a 

c. II : f B t 

t I I 

\o 
ru 
0 
cv 
Y 



a 
0 ; 3 a 3 P s 

a 
0 6 a 

0 6 !! a 
E 
t 

4 a 

a 

9 

1 

i 
3 

f! 

i 
a 

!i! 

a 

9 

i 

0 
b . 
6 

5 a P 
t 

8 
9 i 

1 
8 
3 

8 
9 

c, 
9) 
Q) E m 

a 
3 

a s a 

J 
a 
f 

3 

3 
a 
3 

a 
3 

3 

3 
a 
2 

a 
2 

a 
3 

a 
3 

a a 

3 
a 

3 

I 

i 

5 

3 

3 
8 s 

a 

2 

9 

t R i 
F f 1 a 

i a 

3 
3 

f 
a 

f i i 
L) 

f a a 

I i i 
a 

f i a 

9 
3 

3 

a 

3 

5 

a 

os 8 

a 
f 

a 

3 
3 

J 
a 

9 
3 

J i a 3 

3 
3 

3 
a s a 

3 
3 

3 f f 
3 

9 I 3 s 0 
ij - 
0 9 9 ‘I 

B 
3 

a 

s 
a 
f os 

3 

0 P 
..) a a 

e P B i a 

!! 
a 

3 
a 

3 
3 s 

3 a 
f 

a 
f! 

3 

3 
a 

3 
a 

9 
3 

3 i a s 5 a 

E 
0 9 9 i! 

0 i a 

J 3 J a 

!! 
n x 
n 
0 

n s 
6 

f 
P . 

n . 8 
8. 
8 

8 P s 
CI . z 
P 
$! 

P E 
P 

i 



e 

a 
0 R 

a 
8 
s - 

a i 

a 

!! 

f 9 a 
8 0 

a 
0 

3 

a 
t 0 

a 

9 

I 
0 

> J c. 

J a 

9 i 
> I a 

e 
9 i > 

a 

4 i a 

f 
I 

0 i a 
8 0 0 i 5 

0 P 
a 
0 Q i 0 

a 

J s a a 
3 ii 

9 H a 9 a 
9 

> > a 3 t 

f 
E 
I 

P 
I 



k 
R i 

f 

I 



\o 

0 
\o 

rw > 
a 

< 
a 

f 
k 
3 

s 
2 

oc 
a 
P a 

3 

3 J 
i. 
% > > 

a 
9 

> 
3 

9 5 a 

3 z 

> < 
e 
ri 

> 
3 a i 

m m a 

3 
> 
a 

3 
> a a a 

3 
a s 

> < 
3 

a 

9 
> 
3 

> 
a 

a 

9 a 
0 fi 0 P 

TI 4 .I > > 
3 3 a 

3 

a 
a 

s 
< e: < < 

3 
c 
CI 

2 3 
f a 

3 

3 
> a 

3 
> > a 

3 3 

0 8 
a 
0 8 

3 

0 a 

> 
a 

> 
3 

> 
a 

3 

9 3 3 

I t  



3 - f 
0 

i 
a 

4 

a 

3 

3 

1 

3 

P 

3 

1 

3 

a 

4 

a 

E 
I 



I s 

I 

a 

0 8 

a 

9 

3 

f 

I 

a 

d 
! 

E 
0 

a 

J 

F 
3 
5 

a 

9 
a a a a a a a 

0 B 
a 

0 B 
a 

0 8 
s 

3 
a 

9 
a 
!4 
0 

a 

J 
a 

3 
3 > 

a 
4 
0 

> 

i 
> 

8 

9 - 
< 

> 
a 
8 
f 

> 

i 
> 
a 
Q a 

< 

i 

i 
> 

% f 
t . - LI 

- 

J J 0 B J 0 B 

I a 

J 
a i i I i a 

9 E a 

9 
a 

9 
a 

9 
a 

9 
a 

9 L a 

9 J 

I 1 9 I 
0 

a 
3 9 0 9 e a f a a a 

f 
a 
1 s I f J 

B a ! 
P E I J f 9 " 

f 

I a 
s! 
d 

a 
I I I 

a 
9 

a z a 
I 
3 

e I L 
3 

P a 
5! 
0 

L P I 
0 0 

3 a a a a a 

9 
a a a I a a a 

9 
a a z 9 0 

3 J 9 f 9 f 9 3 

9 N 

B 
0 J 1 a 

a 

f 
0 

5 a J J !! I 

i 8 
f i a 

f 
a 

f 
a 

f 
a 

9 
a 

f 
8 
f 

a 

J 
a 

9 5 3 

f 
a 

1 i i i a 

Q i 5 

4 i a 

3 
a 

9 
a 

f 
s 

4 i a 

J i i i 
n 

i% 
3 . z 

e 

R1 
I 

P . 
I . . I 
9 

n E a 
8 

w 
K N 
CI . 
rs 

F 
c 3 

n . E 
t 
3 

n . P 
0 . " 

tl . 
8 t f 

I I c 

a -  



s B 

I 

n a 

J 



I a 

9 
a > >  

a a  
I 9  
0 0  

8 
0 9 

3 a 

3 L i a 

J i 
J 

a 

L 

f 
3 

B 

i 
n 

1 

9 s 9 f w 
f 

B 
m 

L L 3 
I a 

L 

i a 
x 
f 

k z 3 

9 
a r 

d 9 
a 5 a 

4 J 

3 

3 
3 

3 
c) 3 

8 J 

8 

I 



B P t 

I 



\o 
w 
0 

W 

> 
a 

> 

i a 

a 

9 
> 
a 

> 
3 i B Q 

t 
Q a Y 

4 
a 

> 
a 

> 

i 
> 
a 

a 

9 111 c- 
3 f 

> 9 > > 9 J f f 

L > L > 
¶ 

> 
3 

i 
0 

a 
i 
0 

5! 
0 4 

L > > > 
a 

3 
> 
a 

> 
a 

f 
0 

a > 
a 

> 
a 

I 
0 

f f f a 

> 
3 

a > 
a 

> 
a 

! i a 

! 9 
> 
a 

m 
3 

! 
5 
3 

> 
a i I 3 

P 
3 . 
s 



y3 
m 

2 a 

t 



U 
CI 

m 

U : 
t 



f 

B 

3 
1 0 

!I 

Fb w 

i 
3 

3 

1 

3 

9 

I? 
-E a 

a 
1 0 

f 

t 
5 

i 
3 

3 

1 

3 

9 

. P 
P 
6 

3 

3 

f os 

4 

I 

a s 

i 

3 

2 

i 
B P t 

--- 
I__ 



a 
w 
h 

3 

&! 

i 
a 
f 
0 

a 
i a 

a 
5 

il 

a 
Q 
t 

s a 

a 
3 

a 

4 
n z 
3 . 

a 

!I 

I 

L 

3 

I 

3 

8 

a 

f 

E 

5 

9 
n s 
6 
E . s 

m 

P 

a 
I 
1 

L 

a 

B 

!! 

P 
6 

a 

f 

3 
- 

Q 
1 

a 

9 
n E : e 
8 

a 
k a 

s 

! 

i 
* 

9 

!! 

9 
5 

c E 
3 
3 

a 
k a 

!! 

f 

i 

i 

J 

i 
. F 
5! 
3 

- 
2 a 

I 

L 

F! 

3 

f 

c( 

a 

L 

L 

a 

!I 

. 0 
8 
8 

1 
5 

H 
a 

0 

3 
k 
3 

f 

!l 
a 
3 
0 

i 
a 

!I 

!! 

3 

a 

A 

& 

I 
J 

H 
a 

0 

a 
5 
t 

9 

! 
a 
Q a 

a 

f 

i 

a 
0 
5 

a 

: 

L 

! 

J 

f 
a 

a s 

f 

3 
n 

iir 
9 
8 

u 

i 
L 

L 

f 
0 

i 
3 s 

1 

i 
cI . z 
3 - 

4 

J 
> 
a 
i 
0 

> 
a 

f 

i 

4 

! 

B 

> 
a 

4 
a 

9 

i 
> 

i 
n . z 
3 - 

> 
a 
f 
0 

> 
a 

J 

i 
4 

8 
> 
a 
Q 
1 

4 
a 

3 

i 
> 

i 
CI . z 
9 : - 

a 
8 
5 

B 
0 

Is s 

a 

f 

- 
9 

%i 
f 

a 

9 
CI E B . 
8 

f3 

I 

I 



v 

J 

L 

a 
4 s 

!I 

$ 
P 

a 

9 

a 

9 

CI 

a 

9 
n 

sir 
3 
2 

B 

J 

L 

a 
4 s 

2 
3 

4 
B 

a 

!i 

a 

3 

3 

a 

9 

. sir 
B 
8 

0 i 

e: 

a 
s s 

8 

E 
3 

i 
a 

9 

m 

a 

9 

. i3 
t 

3 
8 s 

a 
2 

a 

9 

!! 

!I 

J 

3 

ii 

9 

a 

a 

4 

a 

n 

i% 
3 . 
I 

a 
8 s 

a 
f 

a 

f 

3 

a 

i 
a 

3 

< 
m 

3 

a 

9 

. i% 
n 

I 
2 . 

I a 

0 4 

L 

f 
3 

s 
1 

I 

i 
a 

3 

a 

i 
t P 
8 

f 

L 

a 

3 

i 

4 

J 

i 

P 

a 

3 

a 

J 

P 
n E 

J 

L 

a 
8 
5 

9 

s 
;t 

i 
a 

3 

! 

i 
0 p 

..I 

0 a 

L 

z? 
f 

J 

f 
a 

8 

a 

9 

4 

i 
cI 

ii P 

0 

L 

a 
i t 

3 

F 
b 

3 

- 
9 

t 
8 

i 
sir 
3 
1 



< k k  I 

> >  > >  I II 



m 
c- 

a 113 



n n n n  C S I S  

t3 

b u  
0 
N I 

i a 
I 1  



00 
m 

3 3 3 3 3 3 3  

+.) 

8 
E m 

P k 



Z 

n 

f 

I 



3 3 3  3 3  

n n n n  c a c c  

8 8 

E 



Fn 
k 

S 8 8 3  > 
o o o o  

n n n n  

D 



E) 
3: 

E 
i 



d 
0 
rc 

m 

I m 

8 

t 

R E ! ! .  

1 

8 a 
R 

2 m a 

SI f 

a 

P 

L R I 

* * *  * * * * * * * 

II 13 13 13 13 13 13 1 3 1 3 8  

f 

P E: B 



P 

s 

d 
cu a 0 
N 

3 

E 



U H H  u u  



a 

a I 
l 

1 



d 
cr 0 
v 4  

ep 
E B 

0 a 
3 
B f 
0 i 
Y 
5 a 

B 
d 

r * r r r r r r 

8 8 8 8 8 8 8 

OI 

s 
0 
0 c 

0 
E 

2 Y 

0 
s', 
0 
c c 

0 

2 
f; 
Y 

I- 

f 

h 

c x 



a 

e 

a 

u Y 





e 

I 

1 

I 





a 

E 
0 + 
0 
I 
Y 
0 
0 
a 
W 
n 
m 



LSOOOLS 

! 



/ I  i 
K 
0 

2 
0 
I 
Y o 
0 
E 
D 
W 

!= 

m 



a 
v, 00068 
w 
I 
0 



--A& - 

L9008LS2 

4 



a \7, W 



(1SW) 133A NI NOUVA313 d 

4 
I 
4 

0 0 0 0 0 0 0 
0 In 0 In 0 In 0 
0 a, a, 00 00 b b 
to In In Ln In rT) rT) 

(1SW) 1333 NI NOllVA313 
0 0  

v) 0 v) o m  
0) m 00 0 0 b  
rcl m In n u l  

0 0 0 0 

I I 
I 

_- 

I 

I o  
I *  z I 

B l  m 

I 
I 
I 
I 
I 
I 

4 
w 
a 

I z 

B “ I  m 

I 
I 

I 
I 
I 

8 
F 

0 
In 

I 

8 0 0 
In 

c 3 NllH31VR 

(1SW) 1333 NI NOUVA313 
LC LOBLSi 



4 
I 
4 
2 
0 * c> w 
Vl 
I 

v) 
v) 
0 

u 
u 
0 
0 
J 
0 w 

U 

l-4 

r k  

(1SW) 133 NI NOUVA313 
0 0 
0 u, 
0 Q, 
(0 tn 

0 0 0 0 0 0 
0 u, 0 u, 0 u, 
a, 00 00 b b tD 
u, 10 rT) ro ro u, i- 

4 
w 

I 1 1 1 1 1 1 1 1 1 1 1 1 1  

m I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

I 
1 

1 

I 

e 
m 

.c 

M 

e 
m 

b 
00 

' c n  

m 
y 

f 

I 

m 

0 0 0 0 0 0 0 0 
0 In 0 In 0 u, 0 In 
0 a, a, 03 00 b b to 
(0 In 0 u, ro v) u, u, 0 0 0 

v) E! 
(1SW) 1333 NI NOUVA313 



(1SW) 133 NI NOUVA313 (1SW) 133 NI NOUVA313 
0 0 0 0 0 0 0 
0 In 0 ln 0 ln 0 

10 In ln ln ln ln 
0 ol 0) 00 00 fi f i w  

l n *  1 1 1 1 1 1 1 1 1 1  
1 1 1 1 1 1 1 1 1 1 1 1  

P 

=k 
-J 
I 
m -1 

I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
1 
I 
I 
I 
I 
I 

i= I? 
z 1: 

i 
I 

z 
0 
Q 

z t i i  
C 
ll 

_ -  

ODE 1 - 2  

U 
m 2gi@ u, 

I 

F 
3 
II) 

0 

m 

n 

1 ,,e 
I II 

8 
F 

0 
v) 

c I1 

W 
0 r a 
a a 
a E 

0 
L 

8 0 0 
c 

- -  I v) 

I- 
v, 

0 0 0 0 0 0 

u, u, u, rg ln u, 
m w  Y ~ l " " " "  In a, 0 a, In co 0 00 rT) b 0 b 5 s  (D 

- 
0 0 0 0 0 0 0 0 
0 ln 0 u, 0 In 0 ln 
0 a, 0) 03 a0 b b ro 
(D In ln In ln ln ln 0 

(1SW) 1333 NI NOUVA313 (1SW) 1333 NI NOUVA313 
LS LOBLSZ 



(1SW)  13% NI NOUVA313 

I- 

b2 
w 

1 1 1 1 1 1 1 1 1 1 1 1  

I 
I 

I 
I 
1 
I 
f 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1 
I 
I 
1 
I 
I 

I 

0 p  v) 

I = !  

! 

e 
C 

I 
I 

C 
0 = 
9) 

f a - 9 
b 

< 
W 

< a 

3 

f 

a 
I 3 

Po 
In 

I 1 

0 
U 

I 

L 
2 

n 

: 

I I 1 

8 0 0 
v) 

c 1 
s 

E 3  (7SW) 1333 NI NOUVA313 



(1SW)  1333 NI NOUVA313 
0 0 O I n  0 (1SW) 1333 NI NOllVA313 
0 In O w  

I I 1 1 1 1 1 1 1 1 1 1 1  
I 

O I  
0 0 0 0 
0 rT) 0 ln 0 
0 m Q, co 00 I 
co In 10 In In 

In 
oo l- b 

0 Z 8 5 :  
Q) 00 i 3 E  In In In In In 

.- 
I 3NnH31VW 

--l 

OUE 3 
! 

i 

I 
I 

I 
I 
I 

I 
i 
t 

I 
I 

I 

I 

I 

I 
I 

I 
I 

I 
I 

i 
1 

I 

I 

I 
I 

i 
I 

I 
I 

In m 

n 
- 0  0 

I a 

I I I 

8 0 
v, 

.c 

0 - I 

(1SW) 1333 N1 NOUVA373 (1W) 1333 NI NOUVA313 

LL LOBLSZ 



~ ~~ ~ 

(1SW) 1333 NI NOUVA313 t l I l l l l I I  
d 

3NllH31VW 

I 1  II 
I I  II 
I I  I i  

z 
0 

2 
m 

8 0 
v) 

0 

8 5 5  0 ua 
h I+ Io 
In In In 

(1SW) 1333 NI NOUVA313 
19 LOOLSZ (1SW) 1333 NI NOUVA313 

0 a 



Y 
k! 
0 
I 

0 m 

- E -  -- - 

LQOOQLEZ 





1% ID t= ? 

00 LOOLQZ 



_ -  

I 



VIL I iii 
I- 

- - -_. 

A- 



ga ? iii 



I I il; 

! 



< 
w 
CkL 
a 

00068 
W 
I: 
0 z 
W 

2 
3 
0" 
m 

E! 

- -  

E 


